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Pa6oTa BbliTOJIHeHa n Hay"!Ho-Hcc.iienonareJI:&cKoM HHCTaTYTe 

aJieKTpo.i.a3 I1qecKoi-; arrnapa TY PH w.1eHa ,Il . B. EIJpeMoBa 

O~aaaaJI:&HI:le orrnoaeHTH: 

~OKTOp ~H3HKO-YaTeMaTHqeCKHX Hayx 
crapmH3 aayqHbl3 corpy~HHK Bn~HMHP MBaHOBHq AaHHnoB, 

~OKTOP TeXHHqeCKHX HayK 
crapiiiH3 HayqHbl3 cor py~h11K Cepre3 KoHCTaHTHHOBHq Ec~m, 

~OKTOP ~H3HKO-MaTeMaTHqeCKHX HayK 
crapmHtt Hayqabl3 corpy~HHK ~YHTPH3 reoprHeBHq KowKapeB, 

Benymee apenrrpHRTHe: Y!HCTiiTYT qm3HKH BblCOKHX 3Heprlili 

3amV~Ta .rmccepTaW11i COCTOHTCR " " l S7 _ r. 
B __ qacoB Ha sacenaHiili crreuHaJIH3HponaHHoro coneTa 
~-047.01.02 ITpH fla60paTOpl1!a Bb!COKHX SHeprH~ 06~e,IU\HeHHOrO 
I'IHCTHTYTa RnepHblX V~CcJienonaHIIl~, r.,J.tr6Ha, i.iocKoBcKoiti oOJiaCTii. 

C .rmcceprau11ej,j Mo~o osHaKOMHTbC!i B 6H6JI!iOTeKe KB8 OHffM. 

ABropetpepar pasocJiaH " 

YqeHbl~ ceRperap:r, 
CIT8W18~3HpOB8HHOrO COB8T8 

" ------ 1 979 ro.n.a. 

tA.~.Jiaxa-qeB 

OEIIIAH XAPAKTEPV1CTI1KA PAEOTI:i 

AK'IYAJlhHOCTh 'lEI1H. Ycaex.a cpasHK.a BbiCORl'IX aae: 
!1.ll.p8 B ' 60JibmO~ Mepe onpe,ll.eJ!!1DTC!1 .li.OCTRE8HH!1MH B 1 
HHR YCKOpHTeJie~ 38p!i~eHHblX qaCTHU. O.li.Ha H3 OCHOBJ 
pa3BHT~ YCROpaTeJibHO~ TeXHHKH COCTOHT B UOBb!WeHJ 
Izy"'KOB. 

Y!HTeHCHBHOCTb npoTOHHblX Jzy'iKOB B 60J!bmHX ClllHXJ 
npaBMo, orpaHaqanaeTCR acpcpeRTaMH o6'heMHoro aapJI. 
.li.HK8Jlb00 JzyTb OCJiaOJieHM 3TRX 3cpcpeRTOB - ITOBb!WeJ 
llteRUHH. 

KaR ce~qac npe.n.cTaBJ!!1eTCR, HaH6o;ree cep:&e3HHM 
HHTeHCHBHOCTH Izy"'KOB T!tllte~X 1/lOHOB B YCKOpHTeJ!!1X 
H8 JiBJl!ieTC!i orpaHzqeHHOCTb TOKa HCTOqflHKOB HOHOB 
T8KHX YCROpHTeJI!1X, KaK CHHXpocpa30TpoH OHffM .11 OeB; 
ae~a norepz nyqKa aa cqeT nepeaap!t.li.KH HOHOB Ha 

PecpepapyeM8!1 ,ll.lllCCepTaUHJi ITOCBRmeHa HCCJie,li.OBBI 
meH~ HHTeHCHBHOCTH flY'iK8 B !IpoTOHHblX CJilHXpOTpOHI 
KOHKpeTHblx Mep, o6ecneqHBa~ax pa.li.HK8JI:&Hoe yne;rw 
HOCTH RpyiTHebero COBeTCKOro !IpoTOHHOrO CHHXpOTpl 
BHTP!D HOBoro Hayqaoro H8!IpaBJieHM B 06JiaCTH ClllHX] 
peHHR HHTeHCHBHblX Izy"'KOB TEllteJ!blX HOHOB. 

CoopyllteHHe Honore KOJI:&uenoro HHllteKTOpa - oycT1 
ITOp!i.li.OK BeJIH"!Il!Hbl ITO.li.H!iTb HM!lY JlbCHYIO HHTeHCHBHOCT: 
l1®8. Ilplll STOM cymecTBeHHO paCWHp!iiOTCR B03MOlKHOC' 
aKcnepHMeHTOB no cpH3HKe aJieMeHTapHblX qacTHU B yTt..1 
reTHqecKoM .ll.lllarraaoae. KpoMe roro, oTKpb!Baerc.ii neJ 
ITOJ!b30B8HR!i CJilHXpOTpoH8 l1®8 KaK BbiCOKOHHTeHCHBHI 
YCKOpi1TeJ!bHQ-H8KOITHTeJ!bHOM KOMITJieKce Ha SHeprlllJl l 
npoeKTHp0B8HHe KOTOporo Be,ll.eTCH B H8CTOHmee Bpew 

IIozcK Honore nonxona K pemeaaD npo6JieMH cJilHXp 
peH11!1 TRllteJ!blX HOHOB OOyCJIOBJieH HeOOXO,li.KMOCTbD co: 
TeHCHBHoro YCKOpHT8Jl!1 ~ H3yqeH11!1 CBOECTB H,ll.epHI 
SKCTpeMaJibHblX YCJIOBJilHX Bb!COKHX ITJIOTHOCTe~ H TeMITI 
TeJI:&cTBo aroro ycKopHT8Jl!1 Ha Moma.li.Ke KB8 Ol1ffi'l n< 
11 ,ll.pyryJO Ba~yJO aa,naqy - OCH8CTI'1Tb CHHXpoqaaoTpol 
llteKTOpoM - 6ycTepoM, B pe3yJI:&T8Te qero HHTeHCHBH< 



c;::enoBa T8JI:OCKOM >!HCTl1TYT8 
pH ru.~enn ,il.B. EppeMoBa 

Bna,IUIMMP HBaHOBHq ,li,aHnnoB, 

Cepre" KoncTaHIRHOBHq Ecan, 

,li,UMTPHtt reoprHeBHq KomKapeB. 

CT>ITYT cpR3nKii BHCOKRX SHeprrui 

----- 197_ r. 
conem 

BHCOKHX SHeprnH 06~e~{HeHHOro 
r • .IlY 6na, t.io cxoB cxoii o6Jia c TH. 

lbanaxoMRT:OCR B 6i6JiaoTexe JIBS OuaH. 

" 1979 ro.rra. 

M.~.Jiaxa~eB 

OEruAk XAPA1t':rEP11CTl1KA PAEOTU 

Ak'.IYAJThHOCTh TEMH. Ycnexn rpR3HKR BHCOKRX SHepr.ltii R rpa3HKR 
Rnpa B·6oJI:omo:H Mepe onpeneJIRIDTCR nocTRMeHHRMR.B o6JiaCTR coov.rie~ 
HRR YCROpRTeJie:H sapaxeHHHX.~aCTRQ. 0nHa RS OCHOBHHX.TeHneHnaH 
paSBRTRR ycKopaTeJI:oHOH_ TeXHRKR COCTORT B nOBHmenaR RHTeHCHBHOCTR 
JJY'IKOB. 

11:HTeHCIUlHOCT:& npoTOHHHX ·IJY~OB B 60JWIJRX CRHXpoT{ionax, KaK. 
npaBRJio, orpana-.:InaeTCR a<Pr,PeRTaMR o6MMHoro aapR.rr.a. Haa6oJiee pa-. 
nHKaJI:&Haa IJYT:& OCJia6JieHRR STRX arprpeRTOB - nOBHmeHae. SHeprnn RH-
xexrutn. 

Kax ce:H~ac npencTaBJiaeTCR, naa6oJiee cep:&eaHHM orpana~enaeM 
RHTeHCiffiHOCTR Izy~KOB TRXeJIHX ROHOB B YCROpRTeJiffX TRIIa CaHxpOTp~ 
na RBJiaeTCR orpana~ennocn TOKa ncTO'!HHKOB Roncm. KpOMe TOro, B 
T8KRX YCKOpRTeJiffX, KaK CRHXporpa30TpOH Olliill R OeBaTpOH (EepKJIR) , 
BeJIHKa norepR eyqKa_ sa c~eT nepeaapanKH ROHOB na OCTaTO'IHOM rase. 

PerpepapyeMaR nac~epmnaa. nocaamena RCCJienoBaHHID eyrea n?BH
meHM HHTeHCIUlHOCTR ny~a B npoTOHH!lX CRHXpOTpOH8X0 pa3pa6o'l'Ke 
KOHKpeTlillX Mep, o6ecne~HBaKIIIRX pa~aJIDHOe YBeJIH~eHHe RHTeHCIUl
HOCTH xpynneflmero coBeTcKoro npoTonnorci canxpoTpolia Hoos·, ·a pas-. 
BHTHID HOBOrO Hay~HOrO H8np8BJieHRR_B .06JiaCTH CHHXpOTpoHHOrO YCKO-
peHRR HHTeHCHBHHX JJY'IKOB TRXeJIHX ao'noB. . . . . . .. 

• Coopyxenae: HOBOrO KO.iJ::&u;e~oro ruuteKTOpa .- 6ycTepa ~03BOJIRT H'a 
' \ c. . . - ' 

no_piinoK BeJIR~RHH. nOnuRT:& HMizyJI:&CHyiD RHTeHCHBHOCT:& CimXpoTpOHa 
11003. IIpn .aTOM cymecrnenno pacmnpHIDTCR Boal.!oxnocT.I'l nocmnoBRR . 
SKcnepHMeHTOB no ifin3HKe a.iieMeHTapHHX ·~aCTHIJ; B yxe OCBOeHHOM anep
reTR~e?KOM nnanaaone. ·KpoMe TOre, oTKpHBaeTca nepcneRTKB~ nc
noJI:&aoBanrui ·cRHXpOTpOHa 11003 KaK .BHCOKOHHTeHCIUlHOrO RHXeRTOpa B 
YCKOpHTeJI:&Ho-HaKOMTeJI:&HOM KOMnJieRce 'Ha aneprRID. HeCKOJI:&KO TaB~ . 

. . . . ~ - ~ . . 
npoeKTRpoBaHRe ROTOporo BeneTCR B H8CTOR!Ilee· BpeMR. 

IIoacx noBoro nonxo.rr.a R pemennm npo6JieMHcanxpoT!JoHHoroycxo
penRR THXeJIHX ROHOB o6ycnoBJieH Heo6XOnHMOCT:&ID C03naHRR ,BHCORORH
TeHCHBH0:ro YCKOpRTeJm nJiff R3y~eHRR CBOHCTB RnSpHOE MaTeplm·B .. 
SKCTpeMaJIDHHX YCJIOBMX BHCOKRX nJIOTHOCTeii R TeMnepazyp~ CTpO~':". 
TeJI:&CTBO STOre YCKOPiiTeJiff Ha nJIO!IlanKe· JIBS Ollirn no3BOJIRT pemRT:& . 
R npyrym BaxnyiD sana~ - OCHaCTRT:&· CRHXpOqB.30TpoH· ROJI:&QeBHM ·j!H

XeKTOpoM - 6ycTepoM, B pe3yJI:&TaTe ~era HHTeHCRBHOCT:&.yCKOpeHHHX 

-06Z.eE~)ii!llllL!fi ,llHcmey'l 

flJlEiJllr.IX DCCJI~.I{OSOOm! 

6Uil:':')'l'i.i~~"'TI:lUA ll . t:ll.:l! I',.._; &;;;U, ~ 
"&-......,.:1'$1 :w ...,._.,., ;.r ...... CL::::::L ......._ 
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nyTIKOB B03p8CTeT HB HeCKO~AKO nopa~OB 38 CTIBT p83Koro CHa~eHHH 
B8pOHTHOCTR no~aTa a~eKTpOHOB EnpaMa BO Bp8MH RX yCKOpeHHH_~ 
~ ac~enoBaHRM no pe~TaBRCTCKO~ RnepHOH ~aSRKe, RpOMe TOre, 
CT8H8T nocT,YneH 6o~ee mapoKRH ~na30H'MaCC YCKOP8HHHX En8p. 

~ccepTaURH HB~8TCH oc5oc5~8HR8M pac5oT, BHn0~8HHax B COOT.Be~ 
c.ffiRa c HaYTIHo-TeMaT~TiecKR.'dR ~HaMR mru:a~A m~ • .II.B.EppeMoBa, 

. H.m8 R OIDTII. . 

llE[b PAEO~ saK~eTcH B HayTIHOM oc5ocHoBaHaR_HaRc5o~ee ~e~e-
- cooc5pa3HWC TeXHil.TieCKaX pemeHRH, oc5e'cneTIRBaXIl{RX peaRce YBe~eHae 

RHTeHCRBHOCTa IIpOTOHHOrO CRHXpoTpOHa· H®8, B noacKaX HOBHX. nyTeil 
11 paspac5oTKe IIPRHUliiiRME>HO HOBRX cxeM HaKOMeHrui R. cmpoTpoiiHo

. ro ycKopeHRH IJYTIKOB TH~e~ 110HOB·, a IWeHHo:. 
~a) 'B .reopeTaTiecKoM oc5ocHCiBaiiaR npnHUlina HesaBnciWoil RoppeRIJ;I!.I!. 

no~ue~ pe30HaHCOB; . 
·(j) B C03)J.8HI!.a RHxteHepHO~R311TiecKoro o66cHoBaHRH HOBQrOKO~:&ue-

BOro :RH~eKTOpa (c5yCTepa) H\PB8; ' .. . .• - . . . - . 

-B) ·B nocTpoemaii Teopna tiRMaTiemtoro nBHJKeHM nYTIKoB TH~e~ 
110HOB~ OOJia.n;anmmc paSO:poCOM sa:pll,lUIOCTH, R Teopl!.¥1 cmil:XpoTpoHHO~O 
ycKopeHrui · TaKRX nyTIKOB B yc~oBruiX, Kor.ira cpe.zirum sapa.II.HOCT:& ~B-

, . . . . . . -- -·. 
HO 'R3MeiDie TCH; - . 

·-r) il paapac5oTKe ·exeMHaitorme!iRH a ycKopeHM .r.HiteJII:li RoHoB, 
YTIRmBai!IIWi. ococ5eHHOCTR B3aiWoneilCTBM: ROHOB C Ma·TepRaJIDHOH . cp~-
noil. · • · · ' · · · · · · · · 

·HAJqHAfl·HOBH3HA accJienoBaHRfi; OTHO~RXCH K npoc5JieMe ycKope
Hrui I!.HT8HCRBH!1X. npOTOHH!lX IJYT!KOB, oii!iene~eTCH . TeM, . :.rro. Ila~Pa~
c5oTKa· ~3RTiecKoro· oc50CHOBBH.M: c5ycTepa CRHXpoTpOHa. H~B8 Ha. aHep-. 
raro 1,5 ThB 6uJia B oc5~RX TiepTax saBepmeHa R-1972 :r'., T.e. Tor,rr.a, 
Kor,rr.a· B MPtpe e~e He· 61mo 6oJimmcycRopaTeJre:H, pac5oTaXIl{RX _no ~ac.:
Ka.II.Hoti'cxeMe. 

TeopRH uwaTiecRoro nB11JKeHRHa clrnxpoTpoHiioro ycRopeH~.~JJ:lKe
~. aoHOB' C rrep8M8.HHOH SaPff,II.HOCT:&lD, .a TaKlle CXeMU HaROI_IJieHRH. a 
ycKopeHrur·TJIJKe.imx aoHoB, ocHoBamme· Ha iiepesapH~e •. B. coBoeyn
HocTa rrpencTaB~JDT·coc5oii HoBoe HayTIHo~TeXH~ecRoe.Ha~~~eHae.B. 
oc5JiaCT.I!' no~TieHRH DYTIKOB -aapaJKeHHHx TiaCTlill BUCtmtx SHe:prntt.: 
. · • IIPAK'IWIECKAH UEHHOC'Th . . ,- ~ 

I. ilpRHUliii He3aBRCRMon Ropp8KUliR rro~ue~ pesoHaHCOB acnoJI:&
?OBaH ·. npa paapac5ome cacTew KoppeKin!H peaoHaHCOB. Qx = 9,5, ' 
'Q1= 9,_5 B · cHH.XpoTpoHe H.ma. llpRMeHeHae HeaaBHCRMoil RoppeKllll.H 
CIIOC06CTBOB8JIO nocTiiJKeHHIO.HHTeHCHBHOCT~ 5•1012 npOTOHOB/HMII. · 
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B ,Hq,B3 BHenpHeTCH TaKllte Cll.CTeMa He3aBil.CHMOii RO:ppeKURii JU3an:paTI1TI
HHX peaouaucoB. , 

2. Hcc~enoBalllUI no KaCK8,II.HHM CXeMaM ycKopeHM npOTOHOB 1i KOH
Kp8THU8 paspa60TKil. ~ll.3liTI8CKil.X OCIIOB c5ycTepa H<f>B8 (llliJKeHepuo-TeX
IIIl.qecKOe oc50CHOBaHI1e napnMeTpOB_, paCCMOTp8HI1e YCJIOBIJ.ii poOTB8TCT
Bil.fl aKcenTaHCOB c5ycTepa 11 CUHXpOTpOHa H\PB8, aHaJIR3 · CBOil.CTB Mar
HRTHOil. CTpYKT,YpH c5ycTepa, onpe,neJieHae .D;OflYCKOB Ha TO'IHOCT:& non_: 
nepJKaHM MarHI!.THoro noJIH) ll.CIIOJI:&3YIOTCH npl!. peKOHCTPYKillill. CRHXpO
TpOHa MWB3, riaBHaH U8JI:&_KOTOpOil ~ noBUID8HI1e·HHT8HClffiHOCTil. YCKO-
pll.TBJill no 5 ·'1013 !IpoTOHOB/nMn~ .. 

3. Qpo~~YJIHpOBaHHHH ll paspac5oTaHHHll aBTOpOM HOBUll no,nxon K 
perneuniO rrpbc5JieMU YCKOp8HM THJK8JII1X ll.OHOB npHMeUHeTCH B JJB8 OIDIV!, 
MA8 ru.1.H.B;}\ypqaTOBa 11 Hill13WA HM.Jl.B.Ep:peMoBa np11 rrpoeKTI1POBaHal1 
ycKopnTeJibi!Oro KOMM6KCa TH~8JII1X ll.OHOB: a) c U8JI:&IO uapamaBaHim 
HHTeHCRBHocTa ycRopeuHoro nyTIKa nouoB c5yneT ycKoPffT:&cH lie olllla, 
a HeCKOJI:&KO. sapanoBilX ~paKuafi; 6) paspac5aT!lB88TCH H8KOIIIiTeJI:&H08 
KOJI:&UO, B KOTOpOM rrpll.MeHeHae nepe3aPff.D;ItH · nosBOJlllT Oc50.HTH orpa
HaqeHM, BHT8Ka!0111H8 H3 TeopeMH JiayBHJIJill, R, nO,II.HHT:& qe30BYID IIJIO T
HOCTb nyTIKa 118 ITOPff.D;OK. 

4. 1\;lHorae BUBOllbl n peKOM8Hll8Uil.ll. HOCHT o6~ail .JCapaKTep H MOryT 
c5uT:& acnoJI:&sonanu npa cos,rr.aimn iiJin· ycoBepmeHcTBoB.aHaa · npyrax yc
Kopi1Te~eii. 

AIIP6EAU11H ~ OcHoiiHue peay JI:&Ta Th! naccepTaUliOHHoii pac5om )J;OKJia-. . . . . . 
ll!lBaJIHC:& Ha IT,lli,Y,Y1 BcecolD3HilX ·cone~aHRHX no ycKopnTe~ aapH-
JKeiurux qacTHU (MocKBa, 1970 r.; MocKBa, 1972 r.; )Jyc5ua, !976 r.; 

· )Jyc5Ha, I 978 r.) , Ha ceManape HayTinoro coli era All CCCP no· npoc5Jie
MaMycKopeHM sap.ffllt~HHux TiacTI1IJ; (MocKBa, I9'ro r.);ua Y1, YIII, 
X MeJKllYHapollliHX Kou~epeHu~x no ycKopHTe~ aapHJKeHHUX TiacTI!.U 
l3ucoRRX ::iuepra:H (KeMc5pH.ri.lK, ·CiliA; 1ffi7 r.; ][euena, lllBeil.u.apl'ifr,I97Ir.; 
CepnyxoB, cccp; I 977 r.), Hq HauaoHaJI:&Holi KoHtlJepeHrma Cll1A no yc
KopaTe~ (CaH-<l>paHIJ;RCKO, 1979 r.). 

ITYEJII1KAUMH. ITo. T8M8 naccepTBUHH onyc5JIHKOBaHO 23 pac5oTh!; oci- . 
HOBHue pesyJI:&Taru conepJKaTCH B .16 ne~aTHHX pac5oTax, npliBeneHHux 
B CnHCK8 JlllT,epaTypu • 

C'IPYK'IYPA .IU1CCEPTAUID1. Pac5oTa cocTOaT H3 BBeneHM, TpeX rJiaB, 
aaKJiroqeHHH 11 llBYX npaiomeHail.; o6~ail o6~eM - 204 CTpaHHUU. 

BBeneHae conep:arnT nOCTaHOBRy '3aMTI11, nepe'TieH:& paCCMOTpeHHwc 
npoc5JI8M a·oc5ocHOBaHR8 CTIJYKTYPH naccepTaURii. 
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ITepBaa r~a nocBnmeHa.npo6~eMaM ycKopeHHH.RHTeHCKBHHX npoTOH

HHX fW'IKOB. Bo BTOpO:il: rmBe pa3_BRTa TeopHH URK~tieCKoro ;IlllRJKCHHH 

R cRHXpOTpDHHOrO YCKOpeHHH THJKC~ ROHOB C nepeMeHHOH 3apa~
HOCT:&l0. TpeT:&H rmBa llOCBRmeHa irpaKTR'l8CKRM C~e~CTBRHM, B!lTCKaiO

li!RM R3 TCOpRR, pa3BRTOff BO BTOpO:il: r~e. 
B 38~lO'ICHRR KOpOTKO Cy.MMRpylOTCH OCHOBH!le HaYtJH!le pe3y~:&TaT!l. 

CO.JlEP]{AHME P AllOT U 

rmBa I. OI'PAffi11IEHl1H lliiTEHCilllHOC'ill B IIPO'IOHH!lX 
ClliiXPO TPOHAX l1 IIPHMEHEHHE EY CTEFDB 

ITporpecc B pa3pa6oTKe RCTO'IHRKOB npOTOHOB R CR~:&HOTO'!HilX RH

JKCKTOpOB npaBe~ B UOC~e~Re IQ-I5 ~eT K CYli!CCTBCHHOMY YBC~R'ICHRlO 
· <Pa,30BO:il: I1JIOTHOCTR UY'IKOB B URK~RtiCCKRX ycKopnTeMX. OcHOBI!IlM qaK

TopoM, orpaHR'IRBBIDli!RM RX RHTCHCKBHOCT:&, BO MHOrRX C~aHX CTaHO

BRTCH a~e-KTpOMarH!fTHOe B38RMO~CHCTBRC YCKOPflCM!lX 'IBCTifU. 

3~KTR oO~eMHoro 3apa~ MHorotinc~eHH!l n B pa3Hofi creneHn 

onacHH. On!lT 3KCJJJJYaTaunn npoTOHHHX YCI\OPHTe~efi ITOK83!lBaeT, 'ITo 

. Han6o~ee cep:&e3HHe orpaHatieHHff.RMey~:&CHO:il: RHTCHCHBHOCT!f o6yc~OB
~eH!l HeKorepeHTH!lM C;IlllHrOM tiacToT!l 6eTaTpoHH!lX Ko~e6aHH:il:. Kore-

. peHTHHC HeycTO:il:'IHBOCTif, HC3aBHCHMO OT RX ljllf3H'ICCKOrO. rrpORCXOlK,ll;C

HHH, ycnemHo no~B.imlOTCH. 

HeKorepeHTH!l:il: C~Hr HBR~CH OCHOBHO:il: rrpH'lRHO:il: orpaHR'ICHHH RH

TCHCHBHOCT!f CM:&Ho<iJoeycnpynnax YCKOPHTe~en. UEPH a (CPS ) • EpyK

xefu3eHa (AGS ) H 11<l!B3 yJKe '!epe3 FiecKo~:&~o ~eT noc~e ax saeycKa. 

3TOT aqxpeKT OTHOCHTCH K 'llfC~ ~J3HO H3BCCTH!lX, O,II.HBKO ~0 CRX nop 

He Ha:il:,n:eHo Y~OMCTBOPHTe~:&Horo cnoco6a ero KOMrr~mcaunH ru:rR KoP

peKURR. 

B rm~OM npH6~JKeHRR H3MCHCHHe 'llfCm 6eTaTpOHHHX KO~e6aHR:il: 
Ha o6opoT cocTaBMeT: . 

0 * t.Q. = .a.Q + t.~ X.,'/ • . x.,y . - x.,y 
(I) 

t:::.. Qo = _ Nrr . 1 
x.,y Ti 6z.'(' A e. +te E )~z. 

. I -;.,y I..: x. 'I J 

. (2) 

NrrL rt 1 )·· (g\z. 1 
.trr Qx.y~;Ly L\ A(t·l) + 1 El + ~) Ez . 

+ 
,t.Q. = + 

~·Y - • (3) 

; 4. 

l 
I 
I 

I 
1 

I 
I 

S.nec:r, N - ti;tC~onpOTOl!OB B YCKO_PHTe~e. . c'1-,y -. 3MRTTaHC!l ey'l

Ka, A -_q:aKTOp 6aHtiupoBKa, 6 ~- IIO~B!lCOTa BaKyyMiroH KaMepu, 

<}- -. IIOJIOBIUIB · 3U30pa ~l:"ii'.JJY · IIOJIIOCaMU. MarHRTa YCKOpHTCJUI, K03!flpaUH

eHTil E 1 , El. OIIpeJJ:C.IDIIOTCH KOHqmrypauaetf CC'l8Hl1H RaMepH It IIO~!OCOB, 
. ~ ;'( - Ilp!1BCJJ:CHH!lC CKOpOCT:& It 3HeprM npOTOHOB, rf ..,. ~CCH'IC
CKaM pa,n;ayc IlpOTOHa ., IJpe.nrroJiaraeTCH, 'ITO I1JIOTHOCT:& 3apa~ ITOCTO

IlHHa ITO C8'!8Hll!O ny'!Ka. 

AHa~R3 38BUCIL\IOCTeil (I)- (3) ~eT_ rrpe,n:CTaB~eHae 0 nyTHX ITOB!liDe

HRH HMrry~:&CHOM HHTCHCHBHOCTR B npOTOHHOM CHHXpOTpOHe. 

l. CT!e.nyeT CTpCMHT:&CH K i!aH6o~ee 3iWJeRTaBHOMJ 38ITOJIH8Hil!O none

pe'!HOrO ll rrpo,no~:&HOro aRCCUTaHCOB_ytKOpllTCM~ 

2. Sa ctieT y~'IIDCHHH Ra'!ecTBa MarHHTHoro no.IDI ycRopnre.IDI, .a 
RMCHHO, KOppeKUHR-p830H8HCH!lX llO~OC, MOJKHO pacmnpHT:& ,norryCTHM!lH 

pa36poc qacTOT a, nponopunoHa~:&Ho·eMY; o6mee 'IHC~o npoTOHOB B 

RMny~:&ce. 

3. Haa6o~ee pa.nRKaJI:&flllfi MCTO.D: YBC~'!CHHH RHTeHCHBHOCTR IIY'!Ka 

38KJI!O'l88TCH B ITOB!liDCHIUI 3HeprHH HHlKEiRURH. KaK CJICJLYCT H3 (2), B 

HepeMTHBHCTCROM (aiR cm6opeMTKBHCTCKOM) C~'lae CMCli!CHHe 

\ t. Qx,y \ YMCH:&maeTCH no Mepe pocTa cKopocTn n aHeprRR HHlKCKURR 
RaK · fz'f-.3 . 

f 

TeXHH~CCKaa peaJIH38L{HH MCT0~-3a~aeTCH, KaK npaBHJIO, B CO-

opylKCHHH IIpOMCJKYTO'IHOrO KOJI:&UeBoro )CKOpHTeM -_ 6ycrepa ~ 'fuKHMR 

KO~:&UCB!lMH RH~CKTOpaMH ~ llOCJie~ae ro.nH OCHali!CHO HCCKOJI:&KO Rpyn

~ 

<3 
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HllX npOTOHH!lX YCKOpHTe~efi. 

B pe3yJI:&TaTe y~Jioc:& BO 

MHoro pa3 no~T:& RMfiYJI:&c

HYD RHTCHCHBHOCT:&: npeB30~ 

. .neH ypoBeH:& I013 npoTO- ' 

HOB/RMrryJI:&C. . 

Ha. pnc.I:ppe~cTaMeHa 
.nnarpaMMa 6eTaTpoHHHX ~a

CTOT CHHXpOTpo~ li<IDS, no

Ka_3aH!l.pcHOBHlle pe3oHaHc~ 

HHe- JIRHlUi a ~HHH pa60'!HX 

· . 'laC TOT ll£R RHTeHCHBHOCTK 

'tJ'_=; 5·~0 2 llpOTOHOB H :mep-_ 
rMH ~H~eKUMH IOO MaB.TOK H 

)tJIHr9JibHO.CTb HJ.UIYJibC~ cy:-'. 
llleCTBYDtllero HHJ:CKTOpa ,ltOCTa-



TO"lilll ,IJ)lR: BBOM B caHXpOTPOH OKOJIO 1·1013 npoTOHOB. EoJIWIM 
ll8CT~ nyl!Ka TepaeTCH B Ha"laJie URKJI8 YCKOpeHHR, B nepByD Ollepe~ 
npa nepece"leHaR peaoHaHcOB 2-ro nopa,D;Ka Qx. = 9,5; QY = 9,5; 
Qk· + Qy = 19. KoppeKUM STIIX peaoHaHCOB cnoco6cTByeT YBBJia'!B-

HRD.RHTBHCRBHOCTa. . 
Haa60JIEmHe Tpy~OCTR B03HRK8DT npa KOppeKuaa O~OMBPHHX peso

HaHCOB, nocKOJI:&KY ax noJJYIIIapaHa Px..y no-pasHOMY saBacaT· oT o.n
HliX a .rex ze BoaMYmemrl! rpa,naeHTa 4 ~ 
.. La Z: •S 
-- I. 16ctf* -2li!.I<C . (4) 

P'l(,y- -r. J.j'jw BoR.o -
0 

x.y e. d.,s 

( f:.y · - nepao',naqecKaH 11acn tiJyHituaa <MoRe, Bo Ro - MarHaTHM 
zecTKOCT~ l!BCTRU, w - BpoHCKaaH, L - ,JJ,1IHHa op6a'lJ:I, K -. ueJioe 
'!HCJIO). , 

YcJioBae o6pameHRH B HYJI~ mapMHu pesoHaHcHHX noJioc ecT~ 

r.ne. 

1 . *2: -Zqi.K.i ~. · ~(i) Jlll _ 
j ll ~ h. e. , L.. cls + .L, r:. x,y - () ' 

'I . ~=I. 
0 

.Jtn 
'~-·'I 

~l +AS • S 
( ""'z. -2.u\." L; 

= J . f ~<,y e a-.s 
si 

_(5). 

(6) 

' .. - (j) 
a npe,nnoJiaraeTCH, 'ITO KoppeKTapy~ae·KBa,npynoJI~Hue noJIH ~ ~ 
cocpe,noTO"iellll Ha WI. Yl!BCTKax KOJI~~ ,IJ;JIRHoi! r:. S KalK.imH. 

BeJill'!B.HI:J fx,y JmJIHDTCSi KOMnJISKCHmm, TaK "iTO ,IJ)lR: llO.IIaBJIBHM 
o6oax pesoHaHcoB Heo6xo.n;aMo pacnonaraT~ no KpafiHefi Mepe l!BTHP~. 
HesaBacaMI:iMR · napaMe~Ma ( """~ 4). O~oBpeMeHHim MaHHDYJIHUHR l!e
mplM.II BBJIH"iaHaMH · G-(j) OKa3HBaeTCSI Ha npaKTaKB HeaiPIJeKTRBHOfi. 
B CBSI3H. C 3TRM BBTOpoM npe.zr.nozeH. nplrnuan HB38BRCRI\WH KoppeKuaa 
peaoHaHCOB. Cyn ero saKJIJJtiaeTCSI B TOM, "iTO nyTeM cneuaanHoro 
rasMemeHRSI KoppeKTapy~ax aJieMeHTOB no aSRMYTY a no.n6opa BeJia"laH 
r, -o) . 

t. <i MO!UIO KoppeKupoBan mapaHy no.nyueJioro pesoHaHca, Ha-
npRMep, · ~)(. . , He H3MeHSISl BBJIR"iB.HI:J fly .• llpa STOM ,Il;OCTBTO'IHO pac-

·6 

I' 
I 

1 

J .I 
:j 

I 

.. 

nonaraT~ TOJI~KO ,ll;BYMJI CB06o,nam.i.a napaMeTpaM.a R .y,Il;OBJieTBopan ,no- . 
no~aTeJI:&HOMY ycJIOBRD 

w.. -Li) J ll> _ 
,Goq. 'i -o, 
j =I 

He saBHCSlfileMy OT BSRMYTaJI:&Horo pacnpe.n;eJieHM om.a6ox rpa.naeHTa ~ G-: 
AHaJIOrRtJHHM o6paSOM CTpORTCH CHCTeMa KOppeR~ pe30HBHCHOi\ llOJIOCI:l 
P1 , He asMewum(aSI BBJIH"lwm P" . .. · 

3Ta H.n;eSI 6HJia acnoJI~SOBaHa npa nocTpoeH.a.a·~.aCTeMB KoppeKna.a 
pesoHaHcoB BTOporo nopJI,nxa Ha c.aaxpoTPoHe HW133. B peayJI:&TaTe ee 
BHe,npeHM SHa"iRTeJimo YJJY'III!RJiac~ cm6wW!ocn pa6om ycxopRTeJIII 
R BOSpOCJia RHTeHCRBHOCTD IJY'IKa. IlpHHuan HeSaBRCHMOi! KOppeRIUIH 
pesoHaHCOB B nocJie~ee BpeMH nOJlY'iM ,u,anHei\mee pasBaT.ae Ha.· CRH-; 
XpOTpOHe HW133: paspa60TaHa CHCTeMa KOppeR~ pe30HaHCOB 3-ro n~ 
PSi.nKa 3 QX == 29 R Qlt ~ 2 Qy = 29, B036yllt,u,aeMBX tPnYKTYBQWIMR 
KBa.npaTJrCIHOI! HeJiaHe~HOCTH lol.Bjo)(.2.)

0 
• . · 

N 
Hd~ 

' 
t-

. 
.J ~-

5-!{/' 
1-- ---· -=-~--: ·-

0CHOBHaSI UeJI~ COOPYlKBHRSI 
6ycTepa CRHXpoTpoHa ll~S·co
CTORT B YBeJIH"ieHRR RHTeHCRB
HOCTH ycxopaTe~ .no 5·1013 
npoTOHOB/HMn., T.e. B IO pas. 
Ha p.ac.2 noKasaHa corJiacHo 
(1)-(3) 3aBHCRMOCT:b RHTeH-

I uo'3 

f.ld ' 
1 

I .f.frjlj 
I 

2·10
1
' 
! I 

1 Nd' 
0 

·/c 

I 

' 
as 

i 

I 
i . 

1.0 

--

. 

'caBHOCTR OT KRHBTRtJeCKOI 
aHepru · RBRKUHR B . CRHXpo
TpOHe HW133. o.iemeHae tJaCJia 
Bep~JlbHWC 6eTaTPOHHHX xo
Jie6aHHI npHHSITO paBHHM 

1,5 <o W!J8 .t.&y ,;. -O.Io (pa.naaJI~Hoe 
CMeDteHHe np.H SToM B HeCROJI:&
KO pas MeHl:me) • ~TTaHCH 

~Ka COCTaBJIIIDT [~ = 6 CM.Mpa,ll. Cy = 4 a..Mpa.J:~. 6aH"i..q&RTOp 
·A= 0,5; E1 = o·.I5; Ez = '12/24. P.ac.2 CBH,lleTencTBy-eT o Ta.C, 

"iTO KYJIOHoBcm aqxpexT He SIBJIIIeTCSI npeMTCT.BHeM ,lUlH .nocTDeHHII 
HHTeHcnHocTH N = 5 ·1013 npoTOHo:B/HMn. npa HatJaJimol KI!HeTHtJe-· 
CKOI aHeprHRB OCHOBHOM.yCROpHTeJie ~vr =·1.2 TSB. C HeKOTOpHM 

Pac.2 

7 



sanaCOM KOHe~Haa SHeprRR npOTOHOB B 6yCTepe npHHRTa·paBHOtl 
1,5 rsB. OHa Mo~eT 6sT:& no~~eHa npa noMo~a 6ycTepa ~K6oro Tana. 

CpaBHRTe~~ aHa~a5 B05MOmHOCTef! 6ycTepOB pa5HHX TRnOB, ~eT 
oco6eHHOCTen KOHCTP,YKURH H TeXH~eCKHX XapaKTepRCTRK CRHXpoTpoHa 
WPB3, a TaUe SKOHOMa~ecKae coo6pal!:eHWl npaBe~ K 5aMll'l:6HRXJ, "'TO 
Haa6o~ee ITO,II;l{O,IUliillm KO~:&U6BI.IM HHllteKTOpOM CRHXpoTPOHa 11~3 JmJIR:eT-
CSI 6HCTPHtt 6ycTep Ma~oro nepaMeTpa. · ·-

Eo~:&lllrui ,IT)IHTe~:&HOCT:& naKm CRHXpoTpOHa 11~3' (8 C) - cep:&eSHHtl 
apryMeHT. B no~:&SY npaMeHeHIDI 6scTporo 6ycTepa. OT~~aTe~:&Hotl oco-
6eHHOC.T:&XJ !fx>JlMH Ma:r_:iiaTHoro naKm OCH:OBHoro ycKopaTeJIR:, pa6oTaD!le
ro c 6HCTPliM 6ycTepoM, iJBJIR:eTCSJ Ha~~ae ropasoHTa~:&Hoa MO~.DltH 
noJIR:· ~ MHoroKpaTHott HH~Knaa crYcTKoB. ITpa nepexo~e Ha pe3MM 
pa60TH C 6ycTepOM (,IT)IHT8~:&HOCT:& RH~SKUII:H 1-2 C ) OTHOCRT6~:&Hoe y~
~eHae URK~ CaHXpOTpOHS 11~3 COCTaBJIR:ST BCero 10-20%. C ~yrott 
CTOpOHH, sa r:..2 c 6HCTpHii 6ycTep .B COCTOJJHRH YCKOpaT:& ITy'IOK He
CKOnKO. ~eCJJTKOB pas. 3MJeK'l'll.06i>SMHOrO sajl.aM npOJmJIR:XlTCJJ C~-
6ee, ~eM B 6ycrepax ~pyrax pasHoB~ocofett: B Ka~OM UHK~e co~ep
ZRTCJJ ~:&·HeCKO~:&KO nponeHTOB RMny~:&CHOit HHTeHCKBHOCT!tl ITy'IKa OC
HOBHOrO caHXpoTpoHa, a ycKopeaae npoacxo~T TaR 6scTpo, "'TO HeRo-

. TOptie HeycTOtt~aBOCTR ny'IJKa He ycrreBailT paSBHT:&CSI. 
Halite nepe'IJac~eHH BamHeimlae napaMeTps 6ycTepa H~3; onpe~eJIR:»

~ae _Ilp.aMO ~a KOCB8HHO T6XHH'IJ6CKae XapaKTepHCTRKH OCHOBHHX TSXHQ-
~ora~ecii!x cacTeM: · · 
llpe.i:teJi:&HM 'itHHeTa'IJeCKrui aaeprM • • • • • • • • I, 5 rsB 
ITepa'MeTp. ~· ~· : • ~· .' ·•• ; • • • • • • • • • • • 99,16 M 
KpaTHocn pa:ili!o"'acTOm. • • • • • • • • • • • • I • . . ··. ' ... · . 12 
RHTeHcRBHOCT:& B RMnynce. • • • • • • • • • • • 1,7·10 
lfaciroTa rio:BicpeHHi rUUOroB • • • • • • • • • • • 20 ru 
3Heprrui WuteKUII:H. :· . • . • • . • • • • • • • • • • • 80 MaB 

ITo-ilTR-Bce napaMeTpH BSaaMOCBJJSaHH~ a o6~ OilTHMHSaUM npo,as
Bomuiic:i, B npo{{e'cce KOMM~KCHoro paCCMOTP8HM MHorax BapaaHTOB. 
ITpRBe~eJii·':KPaTKoe odocH9BaHae.napaMeTpoB. · · · 

rrewu:erp ayc'rere~: ·c:OoiBeTCTBYDI!rui rrpe~e~:&Hott aHepraa MarHaT
aru:r xecTiocT:& UJXl'TOHOB PsBHa BoRo = 75 KI'c.M. Upa KOHe'IJHolt 
MEirHRTHOft HH.nYit~a" Ha' paBHOBeCHOlt op6aTe. 50 =. !Oi-l3 .KI'c, odlirt.:. 
H0it ·.u.n.a 6i.tcTpaiimtJm"'HiiX Yc~topare~ett, o6~. ~a .saBopa~RBainutx . 
~HaTOB. COCTBBJIR:ST cooTlieTim!eHHo 2n Ro it '45+35' M~ MaHBua.nimitt 
nepoeTp 6yc.fepa c y'IJeTOM' iieodxo~OCTPI. pas&ie~eHWt YCKOPstmiax 
CTaHtial, ·qx,:eycapyllllax· a ·KoppeKTapymtBX yc~ttcTB, npa6op~B w.' 

1 
:I 
!• 
ij 
-1 

! 

~arHOCTRKR ny~, o6opy~OBSHIDI BBOM a BHBOM 'IJSCTHU ~O~H 
6HT:& B 2,0+2,5 pasa 60~:&llle, T.e. l>a.BeH np~mepHO Lr ~ rooM •. 

3Ha'IJaTem.Hoe YMRH8Hae 6ycrepa no cpaBHSHHil C MRH!ilMSJll,HO BOS
MOlKHml ero pa3MepoM npaBO~T K YB6~~6HI'l:Kl CTOHMOCTR YCKop.ariqett 
CHCTeMH H _CTpOI'ITe~:&HHX pa6oT. 'lb'IJHrui ~ op6R'l'll, npaBe~ElHHaa B. 
cnacKe ocHOBHHX naPaMeTpoB, Lts- · = 99,I6M, onpe~eJIR:eTc.a YMOBIDI
MH CRHXpoHRSSUII:H 6ycTepa a OCHOBHOro YCKOpaTSJIR:. 

KpaTHOCT:& Pa,IWO'IJSCTO'rn. B OCHOBHOM CRHXpoTPOHe 11~3 KPSTHOCT:& 
pa~o~aCTO'l'll paBHa no = 30. Cne~OBaTe~:&HO, Ha Oy.CTep BOS~ra.STCJJ 
S8Mtra aanomaT:& 30 06~crett YCTOtt'IJKBOCTa B npo~O~:&HOM . qaSOBOM 
npocTpaHCTBe. PaCCTOJJHHe no aSHMY·'lY Me:z..cy neHTPaMJll ccyCTKOB B oc..: 
HOBHOM YCKOpHTe~e COCTaBJIR:eT L .. /ho =50 M. EcJm KpaTHOCT:& pa
~otraCTO'I'ht B IOQ-MeTpOBOM 6ycrepe · npHHRT:& h.r = I, TO ycRopeHHHtt 
B HeM CryCTOK KaK pas Y~STCJJ B cenapaTpacy OCHOBHOrO CHHX
pOTpOHa. 

ITpa KpaTHOCTJll B'6ycTepe, paBHOit 1, traCTOTHHe ~naSOHH YCRO
P.ltDI!HX CTaHna~ 6ycTepa a OCHOBHOrO CRHXpoTpoHa "'aCTH~HO nepeKpa
BSilTCSI (KOH8'1JH8Jt traCTOTa B cSycrepe-2,8 MI'n;, .n,MaDaSOH 1'13M8H6HM 
~aCTO'I'ht B CHHXpOTpOHe 11~3-2,5+6,0 Mru). 3TO 06CTOHTe~:&CTBO no
SBOJIR:8T.acno~OBaTD npa COS~Haa Bq, CHCTeMH 6ycTepa ODHT paspa
_60TKH a MHOro~eTHeii SKCliJIYSTaURH YCKOpJJ!liU!X CTaHURit CHHXpOTpoHa . 
H~3. 

llpaMeHeHRe 6o~ee BHCOKO! traCTOTH YCKOpH~ero Hanp.aXeHa.a. 
( hg) !) OC~OlltHMO 6H npo6~8MY O.n;H0060poTHoro BHBO~ CryCTKOB 
as 6ycTepa. 

HHTeHCHBHOCT:& B HMgy~:&ce. ~ HaKO~SHI'IJJ B OCHOBHOM YCKOpHTe
~e N., = 5 • ro

13 
npo TO HOB Heo6XO;nm.tO o6e cnetra T:& 30-Rpa THOe cpa 6a

'l'llBaHae 6ycTepa. B Ka~OM URRJie .ttoJllltHo ycKop.aTDc.a, TaKRM o6pasOM, 
ue Meaee No l h.. =I, 7-ro12 npoTOHoB • .nlmettHaJJ ~oTuocn npoTo
HoB. B 6ycrepe OKaSHBaeTCSJ Ta~ol xe, KaK ua Kaz;®! ~opoue tre'I'ht
pex~opoxeqaoro 6ycTepa UEPHa. 

qaCTOTa IlOBTOp8HHH U~OB 6ycTepa B ne~ CORpameHa.a BpeMeHa 
HaROIJJISHRJJ flYlll<a _B OCHOBHOM Konne itO.DHa 6HT:& KaK MOlltHO 6o~ee 
BHCOKO!. OrpaHatrHBaDI!HM,qaKTOpOM JrilJIR:STCJJ, npe~e Bcero, pa6oTa 
YCROpJJIJiiS! CaCTeMii. llpH, \) = 20, .!'n MaKCRMam.Hoe aMIWt'ey.n;Hoe ·Ha-

. "'r t-l 
np.allteaae ~OCTlU'aeT .· v0 l; = 60 KB. C yqeTOM OmiTS sxcn.nyaTanaH 
Bq clicTei.U.t cmpoi-porui' H~S .OHO MO:EST 6HTl.' o6ecri:eqeao ~ec.aT~D 
ycito.p.amuwa cTa.B:itaHMa, KoTOpse pas~eiiiSDTc.a B c:Boao.ltHlli np6Me:a;yT
w !00-MeTpoBoro io.li:&neBoro MarHam _riycrepa~ O~Ko · ~m.Helmee 



yBeJitt'leHae . vo{~l saTpy;mteHo. CKopoCT:& nepecTpoi\Ka pa.ImO'l8CTO-

TI1 T8Kllte 6Jia3Ka K npe.U.eJI:&HO!i. 
3Hepraff aHllteKUall B 6ycrepe .JJ.OJllKH8 6HT:& .JJ.OCTaTO'IHO.BHCOKOll C 

TeM, tiT06H sqxfleKTil o6i>eMHoro sap;I.u.a ny'!Ka He npoJIBJISIJIHC:& 6li CJJHII

KOM CHJI:&HO B Ha'laJie nttKJI8 ycKopeHM. C .U.pyroii CTOpOHH, '!eM mlllte 

· sHeprRR aHJKeKn!ia, TeM 6oJIEme nepao.u. o6pameHnR a TeM 60JIEmee Ko

Jitt'leCTBO npoTOHOB MOlKHO BBecm B 6ycTep sa O.ll.llH o6opoT npa sa.u.aH

HOM TOKe aHllteKTOpa • OrpaHa'IRB KYJIOHOBCKaii C.li.BRr 'l8CTO'ru BeJIH'laHOii 

\.:lQJI,y \ ~ 0,15, llOJIOUB Ao= o·,4, a ltHBapaaHTHHll SMRTTaHC 

t:ll•)' = ~ 'i ~~.y = 1,5 CM.Mpa.U., corJiaCHO (2} Haii.JJ.eM 

w ~ ... i ~ 30 MsB. 
llpa sHeprRR 30 MaB sa o.JJ.aH o6opoT B KaMepy 6ycTepa nona.u.aeT 

0,8·1012 npoTOHOB, .'ITO· COOTBeTCTByeT aHTeHCRBHOCTR OCHOBHOrO yc

KOpaTeJISI 2f4·1013 npoTOHOB/RMn. (6es y'leTa noTep:&)r HHTeHcRB

HOCT:& 5 • 10 S. llpoTOHOB/W.!n. .U.OCTRJKID.I8 nyTeM BBO.ll.8 B pa.U.RaJI:&HOe qB-
30BOe npOCTP8HCTBO 6ycTepa HeCKOJI:&KRX BRTKOB'TOKa as JiaHefiHOrO 

aHllteKTOpa. 
B Ta6Jiaue npRBe.n.eHH .u.aHHHe no RHTeHCRBHOCTH, nonepe'IHHM aMnT-

TaHcaM R JtYJIOHOBCKaM C.JJ.BHraM B KaCKa.JJ.HOM KOMUJieKce l1<l>B3. 3MHTTaH-

CH npeo6pa30BHBaJIHC:& B COOTBeTCTBID! C 8.JJ.H868TH'leCKaM 38KOHOM . I . . . . 

f~,y -v f (?- aMnyJI:&c), a eyJioHoBcltae c.JJ.BRrR BH'lacM.1IRc:& 

eorJiaCHO (1)-(3}~ 
Taclm!Ita 

3MHTTaHCH n KYJIOHOBCKne c.u.nnrn 
._ ·• ' 

Cnoco6 
6yctep 0cH.fCl0pMTOU , 

IIH .. elUHII qHCAO npo Ra•IUI>HHR ~;!~~~~~s 
qHCAO npo- Ha~ut.na. ~~~i-(i~~~ 

TOHOB B BMXTT8.HC TOHOB I BMMTTa.HC 

H~y.nce l,( CMoHpO.l bQ, .:. HMilJ'l•Ce 
f:co,Mp&.l 

. .,Q. 

lk t,, ;.Q, "'· 
,.a, .. 

0AH0060pOTHM. MHZ:el-
o,e.ro!2 5,75 -0,!2 ,',..roD 0,62 -0,!4 

UIIR B 6yCTepe 
5,75 -0,!2 o,62 -0,2! 

MHoroo6opo'!'HU: MDeJt- r,i.Io12 45,0 -o,o5 Is-ion -.9 -6.o~ 
u•• • 6yctepe 

10,0 -0,10 1,1 , -0,19 
. ' 

•• '.: : •. 1 i 

, llpe.n.e.n:&HHe BeJia'lliHH . 3MI!TT8HCOB B OCHOBHOM YCKOpRTeJie Ha ypoB-

1~e. nOJISI RHlteKUHa npa pa60Te C CsycTepoM COC~JISIIQT '£'1.. =6 CM.Mpa.U., 

Ey = _4 ~.Mpa.n.. AMUJIRTYJJll 6eTaTPo.~umx. K~Jie6am cooTBeTcTBEmHo. 

paBHH A~~. = 5,1 CM, · Ay = 4,2 CM. · 
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B pelltaMe O.li.H0060pOTHOii RHllteKUHR nonepe'lHHe pa3MepH YCKopeHHO

ro ny'!Ka. npa KOHetiHoii sHepraa ?6 IBB TeopeTa'lecKH TaKtte llte, KaK 
R npa pa60Te OCHOBHOrO CaHXpoTpOHa 6e3 6yCTepa, C O.li.HOBHTKOBHM 

sanoJIHeHaeM oT · RHllte:KTOpa ll-IOO. MHoroo6opoTH8JI aHJKeKUnR B 6ycre

pe npRBomtT K cyl!lecTBeHHo.My YBe~tieHaJO aMaTmHca ·Jzy"'!Ka; TaK 'ITO 

pamtaJI:&HH~ pasMep llY'IKa 6JIRSOK K npe.n.eJI:&Ho .n.onycTHMOMY npa RHEeK

naa B OCHOBHOe KOJI:&UO. BeRR'IRHa SMaTTaHC8 ny'!Ka, ycTaHOBJieHHaR 

no YCJIOBRRM MHOroo6opoTHon RH~eKURR B 6ycrepe, COOT.BeTCTByeT pa

mtaJl:&HOMy aKcenTaHCy OCHOBHOrO YCKOpHTeJlff. 

PaC'leTfflli BepTRKBJI:&fflli 3MHTTaHC B OCHOBHOM YCKOpHTeJie B 4 pasa 

MeHEme .U.OflYCTaMOro. 3.n.ec:& CJie,nyeT' .HMeT:& B BlUJY, 'ITO WrOCKae cyt!Ka 

BO BpeMH YCKOpeHRR RMeiOT TeH.U.eHUHIO OKpyrJIHTLCH 38 C'leT CBH9R·KO

Jie6aHaii. KpoMe TOro, BepTRKaJI:&HHll KYJIOHOBCKI!ii C.JJ.BRr B OCHOBHOM 

YCKOpRTeJie .o:lQy= -0,19 CJimiiKOM BeJIRK. llo3TO.My .U.OflYCKaeTca 'JJi3y

KpaTHOe yBeJiatieHRe etfxlleKTRBHoro qasoBoro o6i>eMa no y npa ycKo

peHaa B 6ycTepe H .li.BYKPBTHOe yBeRH'leHae npa RHMeKURR B OCHOBHOM 

KOJI:&Ue. Tor.na KYROHOBCKae C.JJ.BIU'H B napey,lrapy1!IlleM Jzy"'!Ke 

< Ex= 6 CM.Mpa.n., f.,·= 4 cM.Mpa.n.) cocTaBJIT .oQ" = -o.or, 
A Qy = -0, I0. Jipa BH6ope pa6o'leii. TO'IKH B OCHOBHOM CRHXpOTpoHe 

Q,. = 9,88, QY =. 9,85 a npRBe.neHHHX s.u.ec:& BeJia'IRHax eyJIOHOBCKRX 

C.JJ.BHrOB .Pe30HaHCH HHSKHX UOpH)lKOB BIIJIOTL ,1.\0 tzeTBepToro BKnDtzn-
TeJILHO He nepeCeKaDTCH. 

llpoTOHHHii CryCTOK B KOHU9 naKJl8 YCKOpeHHR B ·6ycrepe 38HHMaeT 

no 83RMY~ MeHbrue nOROBHHH nepRMeTpa·a llOSTOMy MOllteT 6HT:& IIOMe

l!leH B o;mty cenapaTpacy ocHoBHoro cruncpoTpoHa. AMUJia~.JJ.Hoe HanpJI

JKeHae HI! cacTeMH 6ycrepa JIBJISieTca. y.u.o6RHM napaMeTPOM, a.u.aa6aTa

'!ecK8JI B8Pllalll1R KOTOporo nOSBOJISieT peryJiapOB8T:& .JJ.JlaHY crycTKa B 

KOHUe UHKJl8 YCKOpeHHJI. llpa 3TOM, KOHe'IHO,. RSMeHJieTca 3HepreTa'le

CKan pas6poc ny'!Ka. 3a.u.a'la 0 COrJiaCOBaHRR llpo.U.OR:&HHX 3MZTT8HCOB 

6ycTepa a ocHoBHoro ycKopaTeRJI pemaeTca nyreM cneuaan:&Horo BH6o
pa· aMUJIH~.li.H YCKOpsi1!Illero Han.P.fillteHM Bl! CHCTeMH OCHOBHOrO CRHXpo
TpoHa. 

Heo6XO.JJ.HMOe ;II.1IIi COrJiaCOBaHHJI npo.D;OJI:&HHX SMRTTaHCOB COOT.Be~ 
CTBHe. H8llpJUteHall B CJJY'lae, KOr,na qB30BOe .li.BJmeHHe JIRHeiiHO lit paB

HOBeCHHe qasu 6ycrepa a ocuoimoro cRHXpoTpoHa B MoMeHT nepeBo.na 

paBHH - T!'jz , m.leeT CJie,llylll!Rit BI'I.U.: 
. ~ 

v:. :; ht Xo Lo -'[; (?) 
0 ~ ~ 1 

ha :Xs- Ls 

II 



r.ne :K;::(d.~z.-l)/(~7.-l), ol... - KoscppanneHT pacmape

Hrui op61iT, . a aH.JJ;eKCll "b ".a " 0" 0603HatJ:aiDT npaHa;u.JielltHOCTI> COOT
B6TCTBY~ B6~HtJ:RH K 6yCTepy R OCHOBHOMY YCKOpaTe~ro. 

Cor~coBaHae o6ecnetJ:aBaeTca npa·noMo~a HanpaESHliH, Ha KoTopHe 
paCCtJ:IiT8Hll ycKOpiiiCilllie CKCT6MH 6ycTepa li OCHOBHOrO Cll.HXpOTpOHa. 

BamHeniDelri T6XHO~OrHtJ:6CKOH CliCTeMOR 6ycTepa HB~6TCR KO~I>U6BOfi 
a~eKTpOMarHKT. B CBH81i C 3Tll.M YEB Ha nepBOH ·cTa.JJ;RR paspa60TKli 
upoeKTa 6ycTepa 6Imll ~a Te.~I>HO R3YtJ:6Hll H COUOCT8B~6HU OC066HHOCTR 
MarHilTHllX CHCTeM KaK C COBM6~6HHllMii, TaK R C pas,ne~eHHllMil !JlYHKUl'llf
Mll. saBopoTa n qoeycapoBKR nytJ:Ka~ IIpe.nnotJ:TeHae 611~0 oT.rr.aHo cTpyK- . 
orype C pas;ne~eHHllMH !JlYHKUruiMR, B KOTOpOil: pery~pOBKa 6eTaTpoHHllX 
qacToT B mapoKax npe.ne~x ~ert<o ocy~ecTB~eTca nyTeM nsMeHeHrui > 

ypoBHelri Bos6ym;neaaa ;nano~:&HliX n KBa;npynoii>HllX·MarHaToB. · 
Haa6o~ee npHe~eMoJ.l·~ 6ycTepa OKasa~CI> Cm.IM6TpHtJ:H8JI CTPYK

orypa, nepi!O.JJ; KOTOpOJ.l COCTORT H3 Tpa~eTa KBa;npyno~:&HllX ~H3 R 
;nBYX SaBopatJ:HBaiCillRx MarHHTOB C ,nano~I>HHM no~eM. 9~eMeHT nepllO;nH'I
HOCTii ll0Ka38H CX6M8Tii'J:6CKH Ha pac.3; TaM Xe npe;nCTaB~6Hll MO.JJ;Y~H 

~oRe n .nacnepcn

If/. 'f 
I n I · .3 ... >,• l I I , I ',1 I I I 

oHHa.II !JlYHKUHH '\' • 
9~eKTpOMarHHT CO- >,' 

,nep~HT 12 nep11o-. 

b I ~ =t::S ,,, I Lj . ~ ~ =:~· .nop. z.... · · 7~ Cep:&e3Hlle TeX-

HatJ:ecKae .JJ;OCTORH
CTB8 . TJ)Ii~6THOH 

D I . I J I n m I R I t II ' I c'TpyKTypll BllTe-
" -,--->J 8 . . .. 

" K8klT H3 TOrO;tJ:TO 
Pac.3 ora6aiCillaH.Bep±a-

Ka~:&HliX · 6eTa.TpoHHwc· Ko~e6aHHii R cooTBeTcTBeHHo. BepTHKa~I>Hlll.l pa3-
Mep nytJ:Ka OK83llB8IDTC.II Ma~H B 38BOp8tJ:HB8ICillRX MarHHTaX H.60~DmRX 
llP.fiMO~eitHHX npoMeE;yTKaX: 

· ··~ ~ 3anaceHHM MarHRTHM aHepraa, 6Jiaro,rr,apa: Ma~oMY BepTHKa~:&
HOMy 3asopy B .nano~. oKasHBaeTCR ropas.no MeHDme, tJ:eM B 'cTpyK..:. 
orype c coBMe~eHHHMH <!JYHKUHHMH. Kaa.npyno~a BHOCHT otJ:eH:& Ma.md 
7;tJia:n B 0611ij"D sanaceHeyiD sHeprRD (M6HDm6 10%). Mo~OCTI> CHCTeMH 
llRTaHH.II KO~I>U6BOrO 3~6RTpoMarHHTa OKa31lB86TC.II OTHOCHTe~O He-
60~DmOJ.1. . 
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6. ~ny~:&CHlle MarHilTll CllCTeMll BHBO,rr,a R YCKOP.IIKI!lll6 CT8HUHH, RO
TOpHe. pa3M6~IDTCH B 6o~IDRX npJJMOMH61riHllX npOM6JKYTKaX, HM610T MliHii-
Ma~:&HH6 aneporypH 11 aHepronoTpe6~ea~te. . 

llacro·ru 6eTaTpoHHHX xo~e6aHHJ.1 O.:lC,y ~ 4 o6ecnetJ:aBaroT Heo6xo.na
MHiri aKcenTaHc npa npaeM~eMWC aneporypax a pasMepax. 6~0KOB a~eRTpo- ·) 

. MarHHTa. 0KOH'J:8T6Jr:&Hllii B!160p tJ:aC.TOT onpe;ne~eTCH TeM, 'ITO OKpecT
HOCT:b TO'J:Rii Qll = 3,85, Qy = 3,80 H8H6o~ee CB060.JJ;Ha OT peSOHaH-. 
COB 2-4 llOpH.JJ;KOB. 

llpa paspa6oTKe CllCT6MH :UOIJYCKOB Ha O~OH6Hii.II MarHilTHOro no~ 
oT pactJ:eTHoro pacnpe;ne~eaaa ytJ:aTHBa~CH OllllT coopy:xreaaa B CCCP 
KpynHHX UHKMtJ:6CKRX YCKOpHTe~elri HB03MOlltHOCTii npoMI:mi~eHHOro llpo-'
H3BO.JJ;CTB8 3JI6KTpoMarHHTHOrO o6opy.JJ;OB8HRa. llCXO.JJ;HHe napaMeTpH nyq
Ka H OCHOBHll6 .JJ;OnyCKii npHBOMTC.II Hmlte. 
Pa~a~:&HHiri aMnTTaHc nytJ:Ka (6eTaTpoHHHe Ko~e6a- c 
HHH) • • • • • • • • • • • • ~ • • • • • • • • 0)(. = 45 CM.Mpa.II. 

BepTaKa~:&HHJ.l aMHTTaHc nytiKa. • • • • • • • • • E.y = IO CM.Mp:uJ; . ~ 
MaKCHMa~:&Hlllri illdiJY~I>CHlli1 pa36poc. • • • ••• • (.df'/p \,= ±7.10 

Cpe.JJ;HeKBa;npaTntJ:HHiil OTHOCI1Te~:&HHJ.1 pas6poc no~ ( B / ) ·. -4 
B .nano~x. ; ••••••••••.••.••••• e. y f>y = 5·10 

Cpe.JJ;HeKBa;npaTRtJ:H!1ii·pas6poc yr~oB noBopoTa .nn-
no~en OTHOCHT6~I>HO npo;no~:&HOii, OC.l'l. • • • • • • ( ~) = 5.10-4 
Cpe.JJ;HeKBa;npaTHtJ:HaJI·oma6Ka B nonepetJ:Holri ycTa- · 
HOBKe KBa,D,pyno~eii •••••• • •.•••••••• ( 6~} = 0,1 MM 

' ' 
3THM ll8PaM6TpaM nytiKa H OTK~OHeHHHM no~ COOTB6TCTByeT C~6.JJ;YICill66 
pacnpe.n.e~eHae anepT,ypH :nano~eii a KBa,n,pyno~eil:. no acppeKTaM, BHsu
BaJaqm.t OTKmHeHRa llpOTOHOB OT OCR KaM6pll (Bee BeMtJ:IlHH B MM). 

J- · I . ifoK.no ~ j ifoK.no .y 
9clxPeKT Jlrano~:& KBa.rmyno~KBa;npyno~:& 

A. Pa.nita~:&Hoe HarrpaB~eaae 

EeTaTpOHHlle KO~e6aHRa ., • ±48,5 r ±50,0 
llcKa~eaaa ~aMKHYTOil op6a
Tll (cpe,llHeKBllJ(paTMqHHe) 
Pa:naa~I>Ho-4a30BHe Ro~e~aHHH 

BCErO 
PasMepBaeyyMHolri KaMep11· 

1

±5,6 
±8,8 
±62,9 
±?5,0 
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±5,8 
±9,3 
±65,1 
±69,0 

±33,1 

±4,1 
. ±6,6 

±43,8 
±69,0 



~eKT· 

E. BepTRKaJI:&Hoe HanpaBJieHae 

EemTpOHHHe KoJie6afiHH I ±22,1 I ±24,6 

~cKaXeH~ 38MKHYTOH op6HTH 
('cpe.n;HeKBa,Jipa.TlltJHhle) 

BCEfO 
PasMep BaKYYMHOH KaMephl 

±6,0 
. ±2s,r 
±sr,o 

±?,2'
±si,B 
±59;o 

<IoK.no ~ 
KBa;npy

noJI:o 

±4!,5 

±Ii,2 
±52,? 
±69,0 

HeKOTOpllH sanae B pa;naaJI:bHOM HanpaBJieHHH He06XO,IUUI1 ,II,7Ili BBO,rr,a 
it BRBo.n.a cyt~Ka. YmtifmKaiUIH anepTYP a. KOHCTPYKW'!H • <Ix:JeycHpYKl!lHX a 
;ne<Ix:JeycapyKl!lHX KBa;npynOJI8H ynpo~aeT ax npoH3BO,Il;CTBO. 

AHaJIH3. BJIIDIHM B03MY1118Hll:ll: ITOJilf, 'BOS;neficTByKl!lHX Ha '18CTOTY 6e
TaTpOHHRX KOJie6aHHH, a TaKXe'3~KT8 KYJIOHOBCKOro p~CTaJIKHBaHJ.UI 
cyt~Ka B HatiaJie Ul'lKJl8 ycRopeHIDI B 6ycrepe' npaBeJI K saKJimeiiaro, .. 
'ITO pa60'Ia.H o6JiaCT:b tJ8CTOT MOXST nepeceKaT:bCJI JIHHIDIMH H8JIHHe:ll:HUX 
pesoHaHcoB, .Ho He HaKJia;nHBaeTCJI Ha noJiocu 6iaxa:ll:rnax JiaHefiHHX pe
soHaHcoB 2-ro nopR,ll;Ka. B CBR3H c 3THM paspa60TaHa cacTeMa 'KoppeK
Ul'lH HeJIHHefiHRX pesoHaHcoB. KoppeKTapyromHe aJieMeHTH npe;ncmBJilfJOT 
C060fi yHaBepcaJI:&HbleHeRBHOITOJIJOCHlle·JiaH3ll C MarHHTOllpOBO;naMa B 
Ba;ne Ha6opa CTaJI:bHllX KOJieU a 06MOTKaMa, pa3M8l!I8HHllMH Ha BHYTPeH
HHX CTeHKaX MarHHTOllpOBO,rr,a B,Il;OJI:b o6pasyroznefi. 

r.nima II. TIDPJ.1.fi UillillWIECKOIO .ImiDKEl:Jllil ~ YCKOPEHllil 
'ffilKEJillX ~OHOB C IIEP:a!Eiffi0¥1 SAPH.llliOCThiO 

llaKJIHtJeCKOe YCKOpeHae MHOr038pR;nHHX HOHOB 06h!tJHO npoH3BO;nRTCJI 
B yCJIOBHRX, Kor,rr,a sapJI;n BCeX HOHOB B cytJKe - O;nRH a TOT Xe a 
He H3MeHReTCJI BO BpeMR YCKOp8Hrut. •Bo BTOpOH rJiaBe ITOK838H0 1 .'ITO 
B paMKaX llPiiHW'lflOB CaJI~HOil <Ix:JeycapoBKii 1i aBTOqa3apOBKii OCYI!1eCT
BHMO CliHXpoTpOHHOe YCKOpeHae THXSJIRX liOHOB, OTJiatJ8IDliiHXC.ff 38pR;n
HOCT:bD.X) KpoMe TOro, ;nonycTRMo· nocTeneHHoe noBurneHae. cpe;na.eil, · 
sapJI;n~~ocTa aoaoB Bo BpeMR ycKopeHHR. ITpa ;noc~TOt:JHo 6oJI~ax aHep
riDIX nytiOK MOllteT 6UT!> npeo6paSOBaH B ITOJIHOCT:b!O RC1HHimpo'BaHHHil. 

. TeopiD! saMKHYTUi op6aT a 6emTpoHlliu: ·RoJie6aaan p.i3pa6omHa B 
.n:mefiHOld.H KBa;npaTatJHOM ITO .Oq/q;, npa6JiaXSHID!X ( .t.q - OTKJIO

. ~nHae sapJI;nHOCTa oT cpe;n~~ero sHatieHHH qo ). 

X) 3apJI;nHOCT!>JO Ha3RB8eTCJI OTHOIDeHae 38p.ff,rr,a liOHa K 3JieM8HTapHOMY 
3apJI;ey. 
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.!IonyCTiiM, 'ITO 3aMKHYT8.ff op6aTa HOH8, liMflYJil>C KO'l'Oporo paBeH 
Po , a 38P.ff;nHOCTl> - '\o , coBna.rr.aeT c ocl>!'l BaKyyMHoit KaMepa. Pa-

;naaJii>Hoe no.noJKeHae op6RTH aoHa c RMflYJibCOM Po +Af' a saPfU(-
HocTI>D q~+L~q B JIHHeilHoM npa6JiallteHaa onpe;neJIReTCR cJie;ey~ 
o6pasoM: 

~lS):; '\'(S) ( ~·P/p0 - ~'l/9o) ) (B) 

r;ne 'i' (S) - 06!itJHaH ;nacrrepCROHH8J'I @rHKUHR, . OflliCRBaKl!lM B. TeO paR 
UHKJIRtieCKHX YCKOpliTeJiefi pa;naaJI:&HOe llOJIOlKSHHe 3aMKHYTRX op6HT tia
CTRU C OTKJIOH8HHh!M HMflYJil>COM. 

B .'18CTHOM "CJJYllae ( 6 f /Po ~ 0 ) iaxo;naTM pa;naaJI:bHoe paCXolK,Il;e7" 
HRe op6RT, 06ycJIOBJieHHOe TOJI:bKO pas6pOCOM 38Pff,Il;HOCTli: 

~~ (s) = - i'l4'\/qo) . (9) 

B CTPYKTYPSX Haa6oJiee ·pacrrpocTpaHeHHoro Tiina '\' {sj >. o , 
TaR 'ITO HOHH C 60JI!>IDeii • 3apg,Il;HOCT!>D ( 6'\} 0 ) pacnoJiaraJOTCJ'I BHYT
pa neHTp8Jil>HOH op6aTH (Ha MeH~HX pa;naycax), a ROHhl C MeH~e:ll: 3a-
P.ff,Il;HOCT!>D (c.q ~ 0 ). - BO BHSWHe:ll: 'IJ:8CTR MarHRTHO:ll: ,Il;OpoJKia. . 

Ot:JeBa,Il;Ho, CJie;nyeT cTpeMaTI>CH K cos.n.aHaro CTPYKTYP c MaJIOii 
'P -@rHKURe:ll: C TeM, 'IJ:T06!i yMeH~aT!> pa,Il;RaJI!>HOe paCXOllt,Il;8HRe op6RT 
a, CJie,Il;OB8TeJil>HO, anePTYPY KaMepa. B CaHXpoTpOHe c rrepRMeTpOM 
!00-200 M He npe;ncTaBJilfe T oco6oro · Tpy.rr.a y ;nepJKiiBa Tl> '1' ""~K B npe
;neJiax 0 , 4-0, 5 M. .!IJilf pasMellleHHH DYTJ:Ka ROHOB ypaHa c :me praeii 
"'I MaB/eyKJioH; RMeilnero paBHoBecHhlii crreKTP saP.ii,Il;Hocreii, .nonoJI
HHTeJII>Hoe pa,Il;RaJibHOe pacwapeaae BaKYYMHO:ll: KaMepu COCTaBJIHeT 
8+10 OM. 

BalK!IaH OC06eHHOCTl> 6eTaTpoHHOrO ,Il;BHZeHHH.3aKJimqaeTCJ'I·B TOM,' 
'ITO TJ:aCTOTH KOJie6aHKH B JIHHeHHOM MarHRTHOM- noJie SaBRCJ'IT OT-

.A'\/'\o . ,lJ.Jm C6JIHZeHHH '180~'1' liOHOB pa3_HhlX sapH,Il;HOCTeH Heo6-
XO,Il;liMO KOMfleHCHpoBaTl> XpOMaTli"'HOCTl> MarHKTHOli CTPYKTYPR npa IIO-' 
MOl!lll KBa~TH~HOii HeJIHHeRHOCTll~ B YCJIOBMX pacCMaTpRBaeMoii sa~
't!H, Ror.n.a \LI(l\ / q;, · = 0,!0+0,20, HeJIHHellaocT:o JJYl!IDe Bcero BBo-. ' 

,Il;HTb B Te 3JieMeHTR KORl>UeBoro MarHRT8 0 r;ne B03HRKaeT OCHOBHOe 
HeCOOTBeTCTERe MeJK,Dy 3apg;nHOCTl>D liOHOB ll qoKYCHPYKmRM (RJ!ll ;neqo
KYCHpyl!liUW) noneM. B TJ:acTHOCTK; B CTPYKTYpe c Pa.s;neJieHH!iMa quHK
UHHMR flOBOpoTa H qoRycapOBKa'KBa,Il;paTR'IIJYIO HeJIRHeHHOCTl> CJie,DyeT 
BBO,Il;HT!> BO BCe KBa;npynoJIH. ITpH6JIHllt8IIHOe YCJIOBHe KOMneHC8Uiili 
XpOMaTH"'HOCTH RMeeT BR,Il;: 
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'!l.= ~,/(~'Y) , I ·' 
(IO) 

r.ne 
\ 

( o"'By) · 
ox"' • C) 

ra-~ = wd B
0

R.o 

( ~ = 1, 2.) 
a ~ - cpe.nsee no ,lJ)IHHe KBa.npynoJUI :3Ha'!eHRe .nacnepcROHHoli (WHK~ 

Ul'll1. 
TaKOH CUOCOO KOMneHca~R XpoM8TR'3:HOCTR He COUpOBOlK,U,aeTCJI IICKa

llteHReM ora6ai<IIIRX eytma. IIepao,nalJHOCTl> MarHRTHOii CTPYK'l'YPH coxpa

HJJeTCJI, R HeT np!il!RH JI)ISI B03HmtHOBeHM HOBHX CTpYJtTypHHX pe30H8H-

COB. 
Ilepe3aPff,nKa HOH8 Ha·npOH3BO~l>HOM 83RMYT6 CRHXpofpoHa .$0 npa

BO,l.U1T R ·aaMeHeHaiO BMMRTy,Illl pa.naa~I>HHX 6eTaTpoHHWC Ko~e6aHRii. Ha
'Ia~I>HHe YCJIOB.Ii!l B03HaKIIlaX ROJie6aHRii 38BHCJiT OT '\' R V( 1

• B COOT

B6TCTBHR C (9) 

63(So) ='\'(So) .o.q 
~0 

I f 
.6~ ='\"(~o) .0'\ 

'\c • 
(II) 

lieM M6HHIJe R3MeHeHae 38Pff,IlliOCTR 0 9 R OOJibllle 9o , .TeM MeH:&

me aMMRTy,na .KOJieOaHRii. 

EcJIR KOJil>UeBOH MarHRT CRHXpoTpoHa co,neplKRT Y'I8CTKR, Ha KOTO

pHX 
I '\' = 0 . , "\':::0 (12) 

R nepesapJ'l.nKa npoRCXO,IU1T TOJIDKO Ha 8TRX yl!SCTKaX, TO OeTaTpOHH116 

KOJie6aHM He B036yllt,naiOTCJI. !3TOT. qaKT JiBJIR:eTCJI O;I(BRM R3 OCHO~ono

~r8I<IIIRX BO BC6H a,neo~OrRR H8KOMeHRJ'l R CRHXpOTpOHHOrO YCKOp6HRJi 

TJillteJIHX ROHOB C llOBHWeHReM RX 38PJi,nHOCTR. 

IIepesaPJi.nKa, B·npaauane, conpoBollt,naeTCJI TaK~ asMeHeHaeM·RM

ny~I>ca aoHoB. ~s KRHeMaTHKR npouecca nepesaPJi.nKR no~'IaeTCJI 

OUeHKa bf' /p~ ~- 10-5. 'TaKRM 00pa30M, BJIRJ'lHReM OTHOCI4Te~DHOro 
R3M6HeHRJ'l RMfiY~l>ca H8 6eTaTpOHH06 .nBR~HRe MOlltHO npeHe6pelJL~ 

. MarHRTHM CTPYKTypa CRHXpoTpoHa, B KOTOpOM nepe38PJi,nKa npe

fYCM8TpRB86TCJI KaK pa6o'!Rl pelltRM, 06Ji38TeJil>HO ,noxmHa co,nep~Tl>. 

ceKnaa c oopameHHoli B HY~ .nHcnepcaoHHoll: ®YHKuaen a ee npoHsBo.n

Holl:. 
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B noacKax no.nxo.nrnmell: MarHaTHoll: CTPYK'l'YPH ycKopareJUI THllteJIHX 

ROHOB OTnpaBHHM nyHKTOM.c~xana CTPYKTypa oycrepa CRHXpoTpoHa. 

lliiDo. ORa RMeeT ~BHYJO R cpa'BHRT6~l>HO HeOOJibiiiYlO .nHCnepCROHHyiO 

(WHKURJO ( ~ = I,I M), TaK 'ITO .B npe.ne~x pa.naa~I>~on anepTypu YK- . 

~;IIllB86TCJI, HanpRMep, 5-6 38MKHYTHX OpORT ROHOB ypaHa CO Cpe,nHeti 

38pJi,nHOCTl>J(} qD = 45 • 

He RsMeHBH cocT.asa MarHRTHHX a~eMeHTOB CTPYK'l'YPH, TO~I>Ko ny
TeM nOBHW6HRJi OUTR'I6CK01\ CIL1I!l flJoKYCRPYllllRX TplilM6TOB MOlKHO UOHlil- . 

BlilTI> cpe,nHee 3Hal!eHae '\' -(WHKURR B 2-3 pasa R o6paTHT.b .nHcneJr-. . , 
CRIO B HY~l> B Kallt,nOM MRHHOM llPJiMO~HefiHOM npOMelBYTKe. '\' B STRX 

npoMeli\YTKaX BCer,na paBIIa HY~ B Citny CHMM6TpRR CTpyKTypH. RoHelJ

HO, HeR30elKHO B03paCTaeT l!aCTOTa pa,naaJI.bHHX 66TaTpOHIIHX KOJie6a

HRH R.HecKo~I>KO ylltecTo'IaiOTCJI .nonycKR Ha MarHaTHHe xapaKrepRcTRKR. 

llapSMeTpH a~MeHTOB CTPYKT.YPH c~e.nyeT BHORpaT.b TaK, '!To6u npR yc

KopeHRR RCKJIJOqaJIOCl> B~RJiHRe OCTaTO'IHHX llOJI6H R aqqeKTOB HacumeHRJ'l 

·MarHRTOnpOBO,na. Ilpa S';l'RX yCJIOBrulx MOlKHO o6ecne"<i!RT1> BHT6K8I<llllile H.S 

paCCMOTp6HRJi ,nRHaMHKH fiY"<i!Ka ,nonyCKR Ha MaPHRTHHe OTKJIOHeHHJ'l. 

~eTaJil>HHH 8H8JIR3 CTpyKTyp BCer,na npOR3BO,nJ4TCJI C npRBJielJeHR6M 

SBM a noaTOMy HecHT KoHI(peTHUii xapaKTep. B Kal!ecTBe nplilMepa no.n

po6Ho paCCMOTpeHa llpOCT8Ji CTpyKTypa, SJieMeHT neplilO.nR'IHOCTR KOTo

poll: COCTORT 113 TpRMeTa KBa,npynoJiell: R .IlBYX ,ni4UOJiefi. 

. 6 

2 

0 

PRc.4 

. XapaKTepRCTRlJ6CKJile 

~YHK~R nepao.na npe.n

CTaBJieHH rpa~R'I6CKR 

Ha pac.4. Hallie npRBe

.neHH OCHOBHHe napa

MeTpl:l CTPYKTypu. Ilpe-

.ne~ MarHI!THaJi 

llt6CTKOCT1> COOTB6T

CTByeT 8HeprRR 

250 MaB/HyKJIOH npa 

q/1\ = 0,39, A- MaC-:

COBOe 'IRCJIO ROHa. 

IIepRMeTp • • • • • • • • • • • • • • . • • • • 150M 
12 liRCJIO 8JieMeHTOB nepi!O,ni4'IHOCTR. • 

MaKCHM8JI.bHM MarHRTH8Ji X6CTKOCT1> 

MaKCRMS~.bHOe UO~e B .nMUOJIJiX. • • • 

MaKCRM8~Hl1H rpa;zmeHT UOJIJi B KBa,II.pynoJUIX: 

fix>KYCRpy~ax no X • • • • • , • • • • • 
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63,2 Rrc.M 

?,32 Krc 

0,9? Krc/CM 



,IJ;e<fio:eycapymuu no X •••• ·• • • • • • • I,I2 KI'c/CM 

l!ncJio 6emTpoHimx KOJie6aH~ Ha o6opoT npa .o~=o: 

no x • .- • • • • • • • • • 
no "j : • • • • • • • • • • . 

Kos<I$luaeHT pacwapeHH.Ii op6aT~ 

7,28 
3,32 

q,42·ro-:2 

TPeMH napDapyeMHMa napaMeTpaMa, Heo6Xo,IJ;HMHMH ~ nu6opa pa6oqett 

TOqKK Q~r., Q~ a nunoJIHeHIDI ycJioBM 'f = 0 B 6oJI:bll!HX npoMe

J!yTKaX,. smJIHmTrut rpa.naeHm noJIH il <fio:eycl!pyllllHX a ,IJ;e<fio:eycapymuu 

KBa,D;pynoW Grcp, &} K O,IUIO KS paCCTOJIH~ Mel!OJY MarHKTHHMK 

aJieMeHTaMH. 

G7 ·•k. 

(2 

1,( 

Gy•6 

Gy.J. 

Ha pac.5 no,D;po6Ho no~ 

KaSaHa o6JiaCTD ycroH"la

nocTa, npe,D;CTaBJIH~ 

aHrepec 11M. uamea ueJIR. 

3,IJ;eCD .n;aHH'JIRHRH ue~ 

q:aceJI Q~~. , QY a JIKHH.Ii; 

Ha . KOTOpott "< -'= 0 • I!pa

Be,IJ;eHHHM BHrue "'HCJiaM 6e
Ta TPOHHHX KoJie6aH~ Ha 

f.Oag (0 f/ f.Z. G-""/cn 060poT COOTBeTCTByeT .. 

Pac.5 SHatieHae ·'¥L~ =o =1,2 CM, 
T.e. ncnepc~ MaJia, no 

He palma HYJIID., Ee MOlKHO TO"'HO o6paTHTD B HYJID, HO noJIOlKeHae pa-

6olJeH TOl!Ka 6y,IJ;eT MeHee y.n:aliHHM no OTHomeHaro K pesoHaHCHHM JIKHa-

JiM. 

Ha pac.5 IIOKasaHa pa6oqaa TO~, cooTBeTCTBYJIIl8JI cpe,D;Heil: sa

PJI.IUIOCTK R HOMKHaJIDHOMY RMIJYJIDCY (4'\ = 0) , a TaK&e pa6oqae 

TOqKH HOHOB, HMBKutHX OTKJIOHeHHJi A'\ = ±1, ±2, ±3, ±4 OT cpe,D;Hero 

SHaqemm 9o = 45. Ba,IJ;HO, "'TO qaCTOT!i KOJie6aH~ CKJIDHO SaBHruiT 

OT . A'\ , a TO "'Ra, COOTBe TCTBYJIIl8JI A'\ = -4, BHna.n;ae T HS 06JiaCTa 
YCTOil:tiHBOCTH. 

BepTaKBJIDHHtt pasMep o6JiacTa ycTOH"'KBOCTH cocTaBJIHeT npRMepHo 

10% OT HOMHHaJIDHoro SHatieHHJi ~~ • · 

·Jl.;rm KOMlleHcaUHR SaBRCRMOCTH tiaCTOT OT Sap!l,IJ;HOCTR BBe,IJ;eHa KBa,IJ;

p.'lTR"'HaSI HeJIRHeii:HOCTD BO BCe KBa,D;pyllOJIR: · 

(' (-b1..Byjo~&)'f = 22,1 _rc/al-, (:l'2.Br/(}>ta)} = ·:-35,0 rc/ml-. 
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Heo6XO,IJ;HMHe ,IJ;JISI KOppeKURK HeJIKHeHHHe KOMllOHeHTH llOJIH MOryT 

6HTD o6ecneqeHH cneunaJIDHHM npowRJIHponaHaeM noJIIDCoB KBa,IJ;pynoJiea. 

T.eKOli MeTo,IJ; JIRKBH.n:aURH XpoMaTH"leCKRX·S~KTOB llpHMSHRTeJIDHO K 

MarHRTOOllTatieCKRM CHCTeMaM TpaHCllOpTHpOBKa nyqKOB npe,IJ;JIOXBH aB

TOpOM B 1964 r. 

a. 

116 

·ql 0 

QJ 

P:ac.6 

lj/ ~ 

'1t. 

af 
T 

Ha pac.6 npe,D;CTaBJieHa SaBHCRMOCTD 

qacTOT KOJie6aH~ Q.c , Qy OT A'\ /qo 
B CTpYKType C KOMlleHCHpOBaHHOli XpOMa

TatiHOCTDID. 0Ha RMeeT napa6oJiaqecK~ xa
paKrep, "'TO 06'LSICHSIBTCII np"eo6Jia.n:allllKM . 

BJIHJiHHe~ Ha tiacTOT,Y "'JIBHOB.paSJIOEBHIDI 
2. - . •. 

,.., (.o'\f'\o) • KoMllBHCaUIDI S~K'IoB 
. 2.. 

-v (:>'\ /qo) OKaSHBaeTrui HSJIKIIIHeli, 

ecJIR \6'\ \ /9o ~ 0,15. 

,UoeyCKH Ha .OTKJIOHeHIDI KOMllOHBHT 

MarHHTHOrO .llOJIH OT ~cqe.THHX sm:itie~ 
B pacCMoTpeHHoli CTPYK'l'YPe B 2-3 pasa 

6oJiee JKecTKae, tieM B cTpy~Type 6ycre

pa ucma. , 

I!pa RCCJIS,IJ;OBaHRH.yCJIOBHH, B'KOTOpUX npOHCXO,IJ;HT YCKOpeHae MHO

rOKOMllOHeHTHOro Izy'tiKa _O,IJ;HOH YCKOpgllllett CHCTeMOli, ,IJ;JISI KalK,IJ;oli·sa

p!l,D;OBOH KOMnOHBHT!i BBO,IJ;!ITCII ~OHSITM CHHXpoHHOro RMIJYJIDCa fs· R 

paBHOBecaoa qass <ps • CKHxpoHHHe HMIJYJIDCH onpe,D;eJIHilTrut ·acxoM. · 

R9 TOrO, "'TO nepaO,IJ; 06palllBIIHJi HOHOB He 9aBHCHT OT A'\ • 

0THOCHTeJIDHH!i pas6poc CH!IXpo~_HMizy'JIDCOB KOHOB paS!IHX Sa

pSI,D;HOCTel COCTaBJIHeT 

(IS) "e>s z. A'J 
.=1..:: ~ - ol Yo -

Pas • '\o 
OH MHOrO MSHlollle, "'BM OTHOCHTeJIDHH~ pas6poc 98p!l,IJ;HOCTel. 

B npaKT~tieCKR KHTepecHHX CJJY"laJ!X \~fs \ / fos -v \o -.3 , "'TO 

SaMeTHO MSHlolllB RMflYJIDCHO! HeO,D;HOpO,D;aOCTH MOH038pJI,IJ;aOrO ~ • 

YcKopeHae cneKTpa sap!l,IUiocTeii, TaKHM o6pasOM, He conpono:ar,u,aeTCH 

cyllleCTBeHHHM yneJIHtiSHRBM.HMflYJIDCHOrO pas6poca nyqka. 8'1'0 06CTO

SITeJIDCTBO, B8lltHOe .ItJtil · pa60T1l YCKOpRTeJIH !4 npoBe,IJ;eHHJi · npeUHSROH

HHX wasaqecKRX accJie,IJ;oBaHKa,' smimeTrut c:ne.ncTBaeM IIJIOTHOI ynaitoB

KH op6HT B CHJIDHO<fioKYCHpymtRX UHKJ!Hll9CKRX YCKOpHTeJIHX. B npe,D;eJIIr 
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HOM. CJJYti8e (of..,: 0 ) CHHXpOHHHe HMIJYJI:bCH HOHOB pa3HHX 38pll.IlliOCTeH 

COBIIa,Il,8JOT. 0HH COBIIa,Il,810T TaKJKe -IIpH YCKOpeHHH TRlleJJHX HOHOB JIHHeli

HHM crroco6oM. 

B CJia60~RYCHpy~ax nHKJ!HtJ:eCKRX YCKOpHTBJIHX CaHXpOHHHe HMIJYJib

Cil OTJIHtJ:8JOTCJl CJIHlllKOM CMI>HO 1'1 YCKOpBHHB nytJ:Ka C pa.36poCOM 38-

pH,li,HOCTH TepHBT CMHCJI K8K B CHJJY anepTyPH!:lX C006pal!:BHH:li, . TaK li 
no npH'lHHe peaKoro yxy,JlllleHWI Ka'lecTBa nytJ:Ka. 

PaBHOBBCH!le qa3H HOHOB pa3HHX 38Pff.IlliOCTe:li OTJIHtJ:810TCH Ha BeJIH

'lliHY 

6 fs ::::: c:l:~ 'Pos • l:l£l 
'\o (14) 

Cne~OB8TeJil>H0 1 tJ:BM 60Jibm6 38pll.IlliOCT:b 1 TBM MBHI>me paBHOBBCHOe 

HanpmteHHe C c:.t~ ~os < 0 ) . . 

B o6HtJ:HHX ycJIOBM:X ycKopeHWI \ c..t} ct'os \ -::: i .. , TaK tJ:TO 

AC\'s :::" - 6o/'io· BaJKHO, liTO paa6poc paBHOBSCHilX rpaa :so MHoro 

pas MSHllllle HHTBpBaJia YCTO:lilJHBllX q'a3 npa qa30BilX KOJie6aHMX .• 

PaBHOBecHHe qaau aoHciB paaH!:lX aapg.IlliocTeli co:sna.rr,aJOT npa UHPRY

JIJIUHR flY'lKa C IIOCTOHHHOll SHepraeli ('fs -:= -Jija). 
ROHH pa3HHX 38Pff.IlliOCTeit HMBIOT CBOH 06JiaCTH YCTOllliHBOrO q'a30BO

ro ~HlKBHHH; OHR orpaHHtJ:HB8JOTCH cenapaTpHCaMH. Ha q'a30BOfi. IIJIOC

KOCTR ~HHHTHOe ~RlKSHHe COBepwaeTCH OKOJIO UBHTpOB, IIOJIOlKBHiie KO

TOpilX 3aBHCHT OT 38Pff.IlliOCTH. 

~·10' 
B KatJ:ecTBe MJIJOCTpa

uaa Ha pac. 7 rroKaaaHH 3 
'i! cenapaTpi!!Cll, COOTBBTCT

BYI!llllie aapH,li,HOCTRM 'li:> 
a qo ±o,I '\o . PaBHo-

-&1(~ ~ "%===io__r:J?'?f>. 'P BeCHrui q'aaa HOHOB ~apg~-
% t-- 3 ~ • HOCTH 9o paBHa 

'\los ::: - 'li/J, a M8KCH

MaJil>Hilll rro.nypaaMep cena

paTpacu B~OJI:b OCH .Of' /fos 

PHc.7 npaHHT paBHilM 0,8·10-2 . 
OriemeHHe USHTpOB, OKOJIO KOTOpllX COBepruaeTcfl: qa30B08 ~lilKSHiie HQ

~OB c 38paJlliOCTHMH 0,9 '\o a I,I 9., , orrpe~eJIJieTCH corJiacHo. (!3} 
ll' (14). feoMeTpli'lBCKOe MeCTO ueHTpoB eCT:b OTpB30K IlpllMOH. 11oKa-

38HH8H Ha PKCYHKe BBJIHtJ:HHa CMBIIISHHH UBHTpoB IIO :sepTHKaJIH IIOJJYlla

eTCH, Kor.zr.a KOSqxpliW'!eHT pacmapemm op6RT oc = 0,01. 
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IJJioma~, 38KJIIOt[8HHlle BHYTPR Kpa:liHRX cenapaTpRC, OTJIHtJ:a!OTCH B 

npHBe.IieHHOM npRMepe MeHee 11eM Ha ±20% OT cpe.Illieli. 

Ilpa ·o(; = 0 ropH30HTaJ!l>Hlle OCR CRMMeTpHH cenapaTpHC COBIIa,Il,810T. 

EcJIR eme H 't>os. = - Ti/2. , TO IIOHBJIJIBTCJl TaKXB 06maH :BepTHKaJil>Hrul 

OC:b CHMMSTpHH. BepTHKaJII>Hllfi. p83Mep cenapaTpHC B STOM CJJY't!8e npo

IIOpUHOHaJieH '\ Yz • 
CooTBeTCTBHS tJ:8CTOTH YCKOPfll!lllero IIOJIJI 118CTOT8 o6pameHHH 06ec-

. . 

rretJ:HB8BTCH 8BTOM8TRtJ:eCRR, fiYTeM B03~eliCTBHH H8 sa.rr,al!liiRfi. reHepa-

TOp CHrH8Jia 1 B03HRKal!lllero npR pa~Jll>HOM OTKJIOHeHHH OT OCR KaMe

pH USHTpa THllteCTH 38pll,Il,8 YCKOpHBM~rO nytJ:Ka. ,lJ,aTtJ:aKaMH IIOJIOlKeHHH 

ny11Ka HBJIJIIOTCH IIHKaii-SJieKTpo~. . 

ABTOIIO~CTpofi.Ka tJ:SCTOTH mapoKO IIpRMBHHeTCH B IIpOTOHHilX CRHXpO

TpOH8X. B aoHHHX ycRopaTeJIHX oHa npRMeHHMa rrpa yc;ro:saa, tJ:TO HH- .. 

TeHCHBHOCTI> UHPKYJIHPYI!lllero nyqKa ~ocTaTOtJ:Ha ~·ero y:sepeHHoli iH
~auaa. B H3BeCTHllX rrpoeKTaX ROHHilX CHHXpOTpOHOB OlKii,II,aeMaH liB":" 

TeHcHBHocTI> cocTaBJIHeT 108-ro10 ROHOB B RMnyJI:bce •. 3TO Ha HecKoJII>

Ko IIOpa,nKOB BBJili!tJ:RHH Bllllie nopora -qyBCTBI'1TeJil>HOCTR CRCTBM!l 06paT
HOH CM31'1. 

B ~ccepTaUHI'1 pacCMOTpeHll TaKXe BOIIpOCll ycKopeHRH nytJ:Ka B yc

JIOBMX, Ror.rr,a sapa.IlliOCTl> MOHO~ IIOCTeneHHO R3MBHJieTCH (HapacTaeT). 

Kaina:H aKT nepeaapg,nK.H COIIpoBOX,Il,8BTCH .H3MBHBHReM aMIIJIHTy~ 
CmDcpOTpOHHilX KOJie6aHa:lti. IJOSTOMY, C O.IlliO:il CTOpoHll, IlpRXO~TCH 
CJIB~HTb ·38 cy~6oa OT~eJI»~X HOHOB .H ROHTpOJIHpOB8Tl> ycTOH-

tJ:HBOCTl> CRHXpOTpoHHllX KO~e6aHali IIOC~e MHOrRX nepeaapR~OK. C ~y

ron CTOpOHll, HeKOTOpHe XapaKTepRCTHKI'l YCKOpal!lllei!: CHCTeMil, Hanpa

Mep, a~IIJII'1TY,Il,8 H ~8CTOT8 YCKOPffl!lllero HanpHlKBHHH, onpe~eJIHDTCH 38-

PR~OBHM COCTOHHI'18M flYtJ:Ka B·ue~oM, a He 38pR,li,HOCTl>IO OT~eJII>HilX 1'10-

HOB. Cpe.IlliHH aapa.li.HOCTI> nyqRa '\olt) - IIJiaBHM @'HKurul BpeMe

HH B OTJII'1tJ:H8 OT aap~OCTH bT~eJII>HilX ROHOB, H3MeHHI!llle:ilCH CKatJ:Ko

o6pa3HO. 

. IIepesapa~ .aoHa B npouecce UHPKYJIHU.HI'1 HJIH ycRopeHRH He conpo

Box.rr,aeTCH 1'13MBHBHHBM qa3!l <p • RaMeHBHHBM RMIJYJII>Ca TaKXe MOlKHO 

npeHe6petJ:I>. rJiaBHll:lti S~KT.IIepeaa~R, BJIRHI!lllli:H Ha IlpO~OJil>HOB 
~RJKeHRB, 38KJIJOtJ:8BTCH B CKatJ:K006pa3HOM nepeMemeHRH neHTPS, OKOJIO 

KOTOporo COBepwaDTCH q'a30B!le KO~e6aHHH. MOl!:HO CKa38Tl>, 'ITO ROH 

npR. H3MSHeHHH sap~OCTR. nepeXO~T B HOBYIO cenapaTpHCY~ IJOCKOJI:b

KY Ka~o:lti sapaJlliOCTR cooTBeTCTBYJOT · CBOR paBHo~ecHHe · RMnyJI»c a qa
sa, npa rrepesa~e cKatJ:KOM H3MeHHDTCH napaMeTpu, xapaRrepaayD-· 

mae ~axeHHe B HOBO:li cerrapaTpace. 
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B cooTBeTcTBna c (IS) a (I4) c~e~eT yqecTL cKaqoK HMny~Lca a 
qasu: 

~r 

Per. 
.l. v Z. A'l 
Q~ ) 

~Y) ;: - eta ~OS • ~ 
. 9o 

3,neCL ~'\/'\0 - OTHOCUTe~LHOe H9MeHeHae 98p!I,UHOCTU. 

{15) 

PesyJILTapynna.a: aMIJJIUTy,na KOJie6aHai1 6y.neT 6om,we Mil. MeHme 
npelKHeiJ- B SaBaCI!.MOCTa OT qasu KOJie6aHRH ROH8 B MOMeHT rrepe98!JH.U
KU.·:3qxlJeKT He 98BRCI!.T 0'1' 89HMJ'T8, Ha KOTOpOM R3MeH.a:eTCH 38p!I.U
HOCTL. 

MHoroKpaTHa.a: nepesapa.nrta B npouecce ycKopeHu.a:, B c~ oTcyTcT
BM KoppeJISiunu MSJK.DY cpasaMu Ko~e6aHru1 B MOMeHTU nepeaapSUI:Kn, np!:!
BO.UUT K CTOX8CTUqecKOMY:'B036ylK,ll;eHRIO KOJie6aH~. B CJiyqaHX, npe,n-· 
cTaBJIH~HX npaKTaqecKan HHTepec, cpe.naeKBa~paTnqHoe npapa~eHae 
aMIJJIH'l'Y~ Ko~e6aH~ He· npeBumaeT O,I pa.naaHa. 

ITpacoe.IJ;UHeHae SJieKTpOHOB BU3UBaeT CTOX8CTaqecrtyiO pacKa~ KO
~e6aH~ B TOi1 JKe Mepe, qro R UX llOTep.a:. B CBH9H C 9Tl!.M MeTo~ 
rroBRIDeHRH cpe.naeii sap.a:.IJ;HocTn B npouecce ycKopeHRH .noJ!lKHU acKJIIO
qaTL.rrpacoe.naHeHae a~u, BO BCHKOM c~qae, no BOSMOlKHOCTn ero or
paHaqHBa TL. 

BcJie.ncTBne yBeJial!eHRH JJtecTKocTn KoJie6aTeJILHoii cacTeMu rrpa ca
cTeMaTntJecKoM yileJinl!eHan sap.a:.IJ;HOCTH BOSHnKaeT .nonoJIHUTe~LHoe sa
Tyximae · cpasoBux Ko~e6aHuid. B ~nHei1HoM rrpn6~alKeHau . ~""' ~ q: Yy • 

06,nnpKa ROHOB BO BpeMH YCKOpeHRH llOBUIDaeT awpeKTHBHOCTL UX 

B98UMO,UeficTBKa C YCKOp.H~RM SJieKTpnl!eCKRM R 38B0p8l!HB8~RM Mar
HRTHUM llOJIHMI!., B CHHXpoTpOHe ~RRCRpOB8HHOrO rrepnMeTpa rrpe,neJILHUH 
l!.MfiYJILC YB~JIRlJHB8eTCH B OTHOIDeHHH KOHetJHOH 38p.H.IJ;HOCTH K H8'!8Jlb
HOH~ C ,npyrol! CTOpOHU, MOlKHO COXpaHI!.TL KOHelJHUH l!.MflYJILC, CHR9HB 
RH~KUI!.IO MarHHTHOrO ITOJISI. 

P.aBHOBeCHOe H8ITP.filKeHHe B Cl!.HXpOTpOHe C RSMeH.a:~eidc.a: 98p.a:.IJ;-
HOCTLIO paBHO 

-""' ;:; -~(o){ \ + .i. ~o ·) 
. \ a -~ -lo·· ~ 

o. 

• 

(I6) 

-:::r-Co)_ R L ~ fc 
r.ne. vs - ~ o 

0 
- paBHOBecHoe Hanp.a:JKeHne B. p~lKRMe 

YCKopeHM C IIOCTOHHHO!:i 38p.H,UHOCTLIO. 

. 22 

_YCKOpeHI!.e cneKTpa l!.OHOB C 1!.9MeH.a:~ei1cH 38p!I,UHOCTLIO Tpe6yeT 
no.n.nepJKaHRH cJie~~ero saKoHa MO~JISinan tJacroTU .ycKop.a:~ero Ha-
np.a:lKeHM: 

fc.'!.(-t) 
= ~ eq&l~)c.2 Balt) 

· E.,lt). 

r.ne h - KpaTHOCTL, Eo - noJIHa.a: aueprM. 

(I?) 

·aT~nqae ero oT o6ul!Horo saKoHa saKJiroqaeTc.a: B noHB~eHnn e~e o.n-
Hoi1 tl\{HKURR BpeMeHR-'\o lt) . 

ITpn sa,naHHUX H8'!8JILHOfi R KOHetJHOH aHeprRHX r~6nua MO~JISIURR 
'!8CTOTU He 38BRCRT OT 38pH,UHOCTH. • 

HaK yJKe oTMel!a~ocL, ·cacTeMa Bos.nencTBn.a: Ha pa.nnotJacToTy,·nc
noJILSY~ ,naHHUe 0 pa,nna~LHOM ITOJIOlKeHRR ueHTpa T.HlKeCTR 98p!I.U8, 
aBTOI\IaTaqecKR o6ecnetJHBaeT HYZH!~n. saKOH MO~JISIURR HeSaB~CRMO OT 
KOHKpeTHoro BRM tl\{HKURa 'lo lt.) • . . 

CKopOCTL MO~JISIURR·pa,nnoqacTOTU COCTaBJIHeT 

f' lt) = f l q + ~- - Eo \ (I8) 
C.'t. '·'f· a .. e. J . · 10 · uo 0 

. . 
rJiaBa ill. HAKOilJIEHV!E V!OHOB IIPV! 11HJK.EKill1Vl V! V!X 

ITEPE3APH~ BO BPEMH·YCKOPEHV!H 

Th:JKeJIUe P!OHU 06Jia,naiOT crreuaifJ>~.tJeCKRMR CBOiiCTB8M>l., OCJIOJKHH~m.IH 

aX ycKopeHne. Bo-nepBUX, cpa90B8H IJJIOTHOCTL HOHHUX fiYl!KOB ,UalKe Ha 
CTa.Ifulil. UX iflop!vU1pOB8Hrut .B COTHH H TUCH'llil. pas HRlKe IJJIOTHOCTR npo
TOHHHX nyl!KOB. KpoMe roro, ycKopeHae o6utJHO conpoBoJK,naeTc.a: .norro~

HHTe~LHHMn'norepHMn BO BpeMH o6.napKn Ha rrpoMemyToqHofi aHepran. 
Bc~e.ncTBne aroro npa ycKopeHaH T.a:JKeJIUX uoHoB B cnHXpoTpoHe no . 
o6Ul!Hon cxeMe KYJIOHOBCKnn rrpe.neJI RHTeHCHBH?cTn rrpe.ncTaBJIHeTc.a: He
.nocTnlltnMHM. 

Bo-BTOpUX, BHCOK8H Bepo.a:THOCTL rrepesap.a:.IJ;KR ROHOB IIpHBO.UUT K 
Heodxo,URMOCTR cos,naHRH oco6ux B8KYYMHHX YCJIOB>l.H B KOJILUeBOfi KaMe- . 
pe, a nMeHHO, ,UOJilKHO 6UTL ~'i: ~- IO-IO 'lop .c, r.ne C!f - ,naB~eHne 
ocTaTO'!Horo rasa, a '1:' - BpeMH ycKopeHRH. ITpa 'L -O,I c rro~qa
eTc.a: q' ~ ro-9 Top_ • 'ITO Ha HeCKOJll>KO nop.a:.IJ;KOB HI!JKe ,naBJieHM • 
.nonycTHMoro no ycJIOBRHM MHoroKpaTHoro pacce.a:Hn.a:. 

B-TpeTLHX, npn HR9KRX aHeprMX OTHOllieHne sap.a:.IJ;HOCTR '\ K M8C
COBOMY tJH.c~ A MHoro MeHHIJe e.nnHniJ;I:l (y ~OTOHOB q / f\ · = 1) • 
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BsaHMO~e~CT.Biie C a~eKTpRtieCKHM R.MarHRTHHM no~a RB~eTCH ~0-

BO~bHO C~6HM, TaR '!TO ~eHHOe.ycKopeHae OKa3HBaeTCR Ma~08~K
TRBHHM, a nepRMeTp CRHXpOTpOHa no~qaeTCR 60~bWRM. 

B Tp6Tb6H r~Be R3~raeTCH HOBH~ KOM~eKCHHH no~o~ K pemeHaD 
npo6~eMH caHXpOTpoHHoro YCKopeHKa THEe~ ROHOB, yqRTHBaEmRH or

paHRtieHHOCTb TORS ROHHHX RCTO'!HHROB a OC066HHOCTR B3aRMO~efiCTBKa 

aoHOB c a~eKTpoMarHaTHHM no~eM a MaTepaa~bHo~ cpe~on. TeopeTatie
cKRM ~H~eHTOM c~~T no~oxeHaa, pasnaTHe no BTopofi r~ne. 

3neKTpOMarHHTHOe.B3aMMO~eMCTBHe ~HpKynapyD~HX 4aCTH~- HBne

Hae, Koropoe B npan~ane onpe~enaeT npe~enLHYD :IIHTeHCl!BHOCT.h ny4Ka 
He TOn.bKO B npoTOHHHX 1 HO H B HOHHUX CHHXpOTpouax. Haa6o~ee 

~ t ' 

cepbe3HHH a~KT - HeKorepeHTHHll C~Rr "!aCTOTH 6eTaTpOHHHX 

KO~e6aHRfi. 

AHa~as a~KTa Ky~oHoncKoro pacTa~RBaHaa aoHHoro oy"'Ra npono

~RTCR TaR Xe, RaK R llpOTOHHOro. llpa nepexo~e OT npOTOHOB R MHOrO

sap~ aoHaM B ~enon "!acTa ypaBHeHRR nonepe"!Horo ~a~eHaa nos

HRKaeT MHonTe~:& A , . a n npanon, ytiaTHBaromen B~RRHae co6cT.BeHHo

ro a~eKTpoMarHaTHoro noM,-:Koa~anaeHT qz. . !Ipe~e~bHoe qac~o ao
HOB N paBHo 

N=..:. A 
~~ 

?. 3 Y. Y. ) 
fl. v A (c +c. z.c. z r 11 x.,y x. . Y 

. rr (l Q"·>' • (19) 

c: 8Ta <fJoiJMY~ OTJliltiaeTCR OT (2) TO~l>KO ~OOO~RTSnHHM qJaKTOpOM 
·; 2. A q .. 

Ha pac.8 H306palleHa38BRCRMOCTl> npe~e~l>HO:Ii RHTeHCHBHOCTH nyq

Ka ROHOB B CRHXpOTpOHe OT 8Hepraa KHESRtniH. fpawRK llOCTpOSH Ha 

OCHOBe C~e,DyRJIIIDc ~OJJY!ll8Hall. 3apa,ll;HOCTl> HOHOB '\ llpRHRTa paBHO~ 
cpe,IJ;Hefi sapH,IJ;HOCTR panHonecHoro cneRTpa B T.Bep~oM ne~ecT.Be npa 

cooT.BeTcTByRJ~~e:li aHepraa. BepTRKa.nDHHil aMaTTaHc paneH pa~~bHoMy; 
ero ne.naqaaa npa pasHHX aHeP,ERRX ycTaHaB~a~c:& acxo.wr as TOro, 

'!TO RHBapaaHTHHH SMRTTaHC f. :: fi '{ e paBeH 1 CM.Mpa~. <!aKTOp . 

6aHtiaponxa C"'RTa~CR paBHHM A = 0,5, a MaKCRMa~DHHi! ey.noHOBCKafi 
c~ar L~Q = -0,2. · 

, · .. HeCMOTPfl Ha TO, "'TO npe~e~l>HaR RHTeHCRBHOCTl> • OTHOCRTe.nDHO. 

HusKaR, sano~eHae BaKY.YMHofi KaMepu caHXpoTpoHa aoHHHM nyqxoM, 

B ROTOpOM CTaHOBRTCR 3aMSTHHM Icy'~OHOBCROe pacTa~RBaHKe, npe~
CTaB~ST co6ofi TPY,IJ;HyD sa.u.aqy. EC~H HCXOMT:&. as TOKa aoHOB \..)+II 
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roo MKAx>, npeMeHa aHJKeKUIHl B caHXpOTpOHe IO MKC a ~onyCTRTl> O,IJ;Hy 

06~apey C meCTHKpaTHOH norepefi HHTeHCRBHOCTH, TO "'HCJIO ROHOB, BBe
~eHHHX B ·RaMepy. CHHXPOTpOHa 'c ~RHOH op6HTH 150 M, COCTaBHT 1·108• 
PeaJibHO ax 6y~eT B HecROJibKO pas MeHLIDe as-sa norep:& npa saxnaTe 

KaK B JIHHefiHOM HHlKeKTOpe, TaR H B CRHXpOTpOHe. l13 STOrO npRMepa 
cJie.nyeT, "'TO npo6JieMa sanoJIHeHaa • caaxpoTpoHa np·e~e~DHHM TOROM ca

MHX THlKeJIHX 1:J8CTRU npa 06H1:JHOM no~o~e R ee pemeHaD He 6y~eT HC

qepnaHa ,u,axe·npa YC~OBHH, "'TO RMoyJil>CHYD RHTeHCHBHOCTb aCTO'tJHRKOB 

y,u,acTcH nonucaTb Ha ~a no pH~, He yneJlilt.JHBaR aMaTTaHca nyt.JKa. 

B MarHaTHOll CHCTeMe, npe,ll;Ha3Hat.JeHHOll ~ y~epEaHRR HOHOB C 

pas6pOCOM sapR,Il;HOCTa, MOW~O ocy~epTBRTb HaRO~eHae HOHOB, conpo

BOX,Ir,aRJIIeeCR. nonwneHaeM qasonon ~OTHOCTR ny"!Ka. PelKRM HaRo~eHRR 
aHa~oraqeH rie~esapR,Il;HOH RHlKelnaa 'aoHOB W B CHHXpOTpOHe. • . 

llpeMO~OlKill.! CHa"!aM, 'ITO fly"'OK", BBO~:li B CaHXpOTpOH (HJIH Ha

KOnaTe~bHOe xo~buo), - MouosapR~fi. Mou6xpoMaTa"tJecKRfi (sapR~
HOCT:& q* , RMny~l>C ~~i.) ) ll RMeeT_ HY~6BOii noriepetJHH:li 81.l,RTTaHC~ 

l1H.DYKURR no~ Ha-neHTpa~bHOll JIH-
. . ) 

Him MarHHTHO:li ~OpOlKKR. ~~1. COO'l'
l~\ 

3 

~ 

BeTCT.ByeT RMny~bCY fo ll. ~aBHO-

BeCHO:li 3aPfl,IJ;HOCTH HOHOB q l•) ; pa

. ~aye ocenon Tpaexropa.l'l. B sanopa"!a

. naromax MarHnmx- Ro .•. l1H.DYRUM 
MarHaTHoro no~ no npeMR: .HaKonJie-

. HRR He RSMeHRe TOR • 
MHEeRTRpyeMHfi ny"'OK HR3KOM.3a-· 

Pfl,IJ;HOCTR q-~t- HanpaBM6TCH Ha OCb 

BaeyyMHOH RaMepH B npRMO~eiiHOM 

npoMeEYTK6 Me~ MarHiiTHHMR 6~0-
:KaMH (pac.9). B aTOM Mecre BHYTPR 

naeyyMHofi KaMepu pacno~raeTCR ne-0 L---1---' 

t z 5 10 "' n3
B/H. , pesapa,IJ;Haa MameH:&, noc~e O,IJ;HOKpaT:-

, . . Pac .8 Hero npoxo~eHaa KoTopoil B · ny"tJRe 

" aoHoB 'ycW:flaBJIRBae'l'CR panHonecH:oe "(aJlll 6Jll1sKoe. K panHimecHoMy) · 

pacnpe~~~(!Hae ·aapg:unoc~~- ··cPe.Jirum saPfl,IJ;HocT:& panaa · q Ll\ ami 
6.nasKa K lien; pa36poc' OKOJIO Iiee. B KOTOPHH YK~,IJ;HBaeTCR notJTR 

. . ·: \i.) :· . ' •.. '' . . ' 
BCR RHTeHCRBHOCTl>, .t\.~:o'\ \ := B.:- \0.:··. ,· ': ;~ ·,' .. 

x) llpHMepHO TaKqil ~K .ir.aeT HCTO'IHRK Il~HHaHra H~ "j~K~pzre.ne 
UNILAC. . ... ' ' . 
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Pac.9 

ITpe~rro~oERM noRa, 
~TO ITOTepR SHeprRR R 

pacceRHRe npR npoxo~

~eHHR rrepesapa~o~ 

MHmeHH OTCYTCTBYIDT 

R B 30He MHmeHR 

CTPYRT.Ypa MarHRTHoro 
Ro~nua o6~~eT ay

~eBoii ~crrepcReii, 
T.e. BlliTO~IDTCR YC~OBHR (12). Tor,n,a: 38~0B8R ROMITOHeHTa eyt!R8 

-li.) . 
q conepwaeT o6opoT, .n:;R(;aRcn no ocR RaMepu. lloHH, sapa~ocTn 

ROTOpllX OTK~OHReTCR OT 9 l , H,IJyT ITO 38MKHy'ruM op6RT8M, pa~H
a~nHOe no~o~eHRe Roropux orrpe~e~eTCR cor~cHo (9). 

3aBepwHB o6opoT, rzy~oR CHOBa nepeceKaeT Mmuenn; npR STOM as

MeHrieTCR 38~0CTn OT~e~nHllX ROHOB, HO cneRTpa~nHOe pacnpe~e~e
HHe 38pil~OCTei! COXpaHReTCR. ilOSTOMy BTOpOH o6opoT ny~OR B ue~OM 

coBepwaeT TaR xe, RaR a nepBHH, xoTa pa~a~nHoe no~o~eHRe oT~e~D
Hux HOHOB COOTBeTCTByeT HX HOBOH 38~0CTH. illHpRH8 ny~Ka He 113-

MeHReTCR. _TaRHM o6pasoM UHPRY~URR Mo~eT npo~o~TnCR ~Te~nnoe 
BpeMR. 

MelK,ITy TeM H3 RH~eRT6pa HenpepHBHO nOCT,YIIaiDT HOHH C 38pii~
HOCTniD "\"':a, o6~paRcn, ycBaRBaiOTCR MarHaTHHM RO~nUOM. ITepesa

P~ IT03BOJJ.IleT 060i!TH orpaHR~eHRR, BllTeKaXI!lRe 1!3 TeopeMU Jley
BMJJ.II, H qa30B8R 11110THOCTn C y~eTOM llpllHRTllX 3~ecn ~OllYllleHHH B 
TetieHHe BpeMeHH HH~eRUHR ~He~HO H~8CTaeT. . . 

lfu~eRUHR.:HOHOB C 38pii~OCTn!O q ~erRO OCYl!leCTBHMa, TaR R~R 
pa.neyc Rpi1BH3Hll ax TpaeRTOpHH B MarHRTHOM no~e CRHXpOTpOH8 CMD

HO oT~H~aeTca o~ R~. HanpHMep, B c~ae HHXeRuHa ROHOB ypana 

( q* = ?~ c snepraea 3 MsB/n~oH npH o6~pRe B TBep~o~ cpe~e 
HMeeM qll) = 54, TaK 'ITO R* = ?, ? R~. 

Eo~ llHllteKTHpyeMUil. ny~OK 38pR~OCTR q* HMeeT pa36poc no HM

IlY~nCaM, TO noc~e npoxo~eHilR rrepeaa~o~ MKmeHa ROHH coBepwaiOT 

~~eCROe .lUlRllteHRe no 38MKHyTHM Op6aTaM, COOTBeTCTBYllJIIHM ax HM

uyncy I! HOBOil 38pR.JUiOCTH (eM. (8)). EeTaTpOHHHe KO~e6aHilR B uy-q

Re C Heay~eBHM 3MHTT8HCOM COBepmaDTCR ORO~O 3THX op6HT. 

B ~ccepioauu no.npo6Ho paccMoTJleHH <fmtTOps, B~DIUie na sqxpeR
~HBHocn HaKOIJJieHilR R pesynTBPYDI!d l:lMI!TTaHC ny>ma~ HOHH38UHOH
Hlle noTepa anepru npa npoxo:ameHHH MHWeHa a ax qJJ!yRT,YauaR, MHo

roRpaTHoe paCCMHRe ROHOB B MmneHH, noTepa HOHOB Ha MarHRTHOH 
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~opo~e KOHe~Horo pa~~nHoro pasMepa B pesy~nTaTe nona~HRR RO~ 

HOB B. "XBOCTH" 38pR~OBOrO cneKTpa. 

N~L_--~~~--~~'l ~ 

PRc.IO xapaKTepRsyeT sq,

weRTHBHOCTn H8K0111!eHHR ROHOB 

ypaHa Ha MarHRTHO~ ~opo~e 

orpaHa~eHHOH mapaHH npa sHep

raR 3 MsB/ayR~oH; TO~IlHa 
nepesa~~o~ MHmeHR (asoT) 
2,2·10 ? 8TOMOB/CM2. 

zo I I I/' t 

10 ~ 1>0...-: I. ~ I 

.. 

llo OCR op~aT OT~O~eHO 

~ac~o sqqeKTKBHllX o6opoTOB, 

no oca a6cuacc - ~11c~o BI1T-
0 {(} 20 J0 ~ I{ ROB, BBO~ Ha. MllrHRTHyJO 

Pac.IO ~opo~. Ee mapaHa ~ocTaTO~-

Ha~ y~epJKaHilR eytiRa c pas6poc~M sapsmnocTR \~'\\ l'\o =0,15; 

0,20; 0,25 (RpRBHe 3; 2; I). 

B yc~oBRRX H~ea~nnoro BBKYYMB ycKopeHae ao~oB He corrpono~eT

CR R3MeHeHReM 38pil.!Ui~CTR. O~aKO ec~H ~B~eHHe OCT8TO'iHOro rasa 

He c~amKOM HR3Koe . ~ ec~a ny-qoK B npouecce ycRopeHHR rrepeceKa

eT O~eHn TOHKYIO nepe38pil~IO M111UeHn, TO 38p~OCTn HOHOB ITOCTe~ 

rreHHO H3MeHReTCR. B ue~ nOBHIDeHRR. sqqeKTKBHOCTI1 B38HMO,IJ;e~CTBHR 
ROHOB C s~eKTpOMarHRTHI& ITO~eM Hy~O CTpeMHTnCR yBe~H'IHB8Tn llX 

sapa.nnocTn. CetieHae rroTepn npenocxonaT ce-qeHae nplicoejllllieHHR, · 

Kor~ sa~ocTn ROHOB MeHbiUe' -paBHOBecHo~: '\o <. q . B sTHX yc

~OBHRX nepesapa~a CBOMTCR B o·CHOBHOM K o6,napKe. TaKOti pe~HM 

npe,nCT8B~eT HaR60~blliR~ npaKTR'IeCKHH 11HTepec;· 

IToc~e~oBaTe~nH8R HOHH38UHR ny'IK8 BO BpeMR YCKOpeHHR - npHMep 

o~opo.nnoro.MapKoBcKoro c~tiai1Horo npouecca. Ero saKOHOMepnocTa 

MO~O npoc~e,IJ;HTn, o6paTHBIUHCn K ynpomeHHOH CHT,Y8UI1H! nepesapR~a 

110HOB npR B38HMO,IJ;ei1CTBHI_i' CO cpe,nof.1. CBO~TCR TO~nRQ- K od~pKe no 

O~OMY s~eKTpOHy, 8 cpe~ee BpeMR ~113HR B K8~0M, 38pii,IJ;OBOM CO
CTORH11H.- O.IUiO- R TO ~e. B TaKOH ITOCTaHOBKe ypaDHeHHR. 38pii,ll;OBOrO 
COCTOJIHHR. HH~e~papy!OTC.ff B 06UteM BR,IJ;e. . . , 

i:trcT~ B H8'I8~nHH~ MOMeHT HMeeTCR tfq~ ( o) HOHOB 38pR,D;HOCTR 

q~ . Co BpeMeHeM o6pasyeTCJI cneKTP 38P.ff~OcTei1; 'IHC~o 110HOB, 

HMellJIIHX 3BP.ff~OCTn q'* + ~' , B MOMeHT BpeMeHH t paBHO 

N I . q~K. \-s.) :;: 
K ~ 

2__-e,~ tf'l*lo) ,, 
ld 

(20) 
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r.ne 
~ = tj-t_o c )-1 . -c :: c~~\1"' , 

(2I) 

e> - ce~eHze noTepz a~eKTpoHa, rL - KOHUeHTpauaff o6,napo~Ho~ cpe
;Dl:l, a \}" - cKopocT:& _zoHoB. Be~'H!Ha to - cpe.IUiee BpeMJI lKHSHH B 
O,lUlOM Sap!I,IJ;OBOM COCTO.!IHHR. . 

CneKTpa~:&HH~ COCTaB sapg.IJ;HOCTe:ti y,no6HO XapaKTepHSOBaT:& ~HK
UBRMR Yq!lctK (s) = ~*-.K (~) / Nq<f.{o) , y.noB~eTBOPHIIII!RMB yc-

~oB_mi> HOpMHpoBKH f Yq*-ttr. (-s)= 1 . !UecTO <20> MoJKHo Hanacau: 

" y * ('S) = ~ -e.-t; (22) 
9 +I" "1 

T.aKRM o6pa30M, ~xOSH KOMfiOHeHTa npe.IJ;CTaB~eHa pacnpe,ne~eHzeM 
J:(yaccoHa. PemeHae {22) o6o6!1laeTCH Ha c~aif, KOr,Iril npat = 0 • 
ecTL He O.IUia SaPH.IJ;HOCT:b, a cneKTp, SaP.fi.IJ;OBHe ~P8KURR KOTOporo . 

OnHCHB810TCH ~HKURHMR . y"*-t {. l 0) I- ~- ~- t !S. ~ I 
. . M,. -'-e. 

. Ya'*ttc.(l:i)=e-sz.. '5 t)l Yl\*+t(o). (23) 
~ . ~=--- (K- • . 

Yi< ) 

0.1 

. Q/0 

J 

~ 
ON 

D 
~0 

•0 I 
~ .I 

. S•IO 

1 I 
I \ 

\ !1 N 
\ 1/ \ 

) 
1..! • 

.S• o. 
,-;-, 

f'l\ 
[\ J 

5=.!0 

r' ~-
1\. 
'\ . 1\. ..., 

Ha pac • II .naHH .Dlle ce
PHH cneKTpoB saPH.IJ;HocTel 
li!OHOB ypaHa • 0HR B~RCJie
HH liO ~pMyJie (23) ,nM' 

TpeX 3Ha~eHHi ~ ( > =IO; 
20; 30). B O.IJ;HOM ~ae 

lb ~ 
.so 

~ ~ ~ 

( CnJIOmHHe JIWIHB.) . l!CXO.IUIHM 
6u~o paBHOBecuoe pacnpe- -
.IJ;eJieHae HOHOB ypaHa 

60 ;!;). 80 < q = 45) c "o6pesaHHHMa" 
. j RP8HMH ( h\ = 5) • B .I\PYroM 

P.11c.II , ~ae (DyHKTHpHHe JlllHU) 
Ha~aJI:&Hoe cocTOHH.Ile :Dy'qKB - i.toHoSaPH.IJ;Hoe ( Y,S' lo) = 1 , Ha 
PRCyHKe He TIOK83SHO). Ha~aJl:bHHe yc.nOBWi CJia60 OTpa:ataDTCH Ha ~p
~e cneRTpa yu npz ~ = IO, a B .na~:&HeihneM SaBRCHMOC'l'I> ~.t:NH 
cneKTpa OT Ha-qa~oro pacnpe,neJieHHH npaKTH~ecKa Rc~esaeT. 
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ITo Mepe YBeM~eHRH' cpe.IJ;Hei1 sap:i.IJ;HocTH HOHOB corJiacHo (9) pa- ""' 
·.naa~:&Hoe pacxo~eHae SaMKHYTHX op6aT aoHOB coce.IJ;HHX sapH.IJ;HOCTeil 
COKpama·e,TCH 1 TaK. 'ITO Ha MarHRTHOt! .IJ;OpOJKKe <fJHKCilpOBaHHHX pasMepoB 
y,n;eplltHBa.eTCH 6o~ee mapoKYlfl sapH.IJ;OBHil cneKTp, a RMeHHO, ·~ac~o sa
pH.IJ;OBHX COCTO.IIHRH paCTeT B OTHOm.eH~H 'Jo{5)jqo(O}: 

·3 -~ 0 

Pac.I2 

s f·to• 

Ha pac.I2 noKSsaHo 
pa.IJ;Ha~:&Hoe no~oxeHae 

COCTaBMRJ!lHX 38P.fi.IJ;Q
BHX cneKTpOB B paSHHe: 
MoMeHTH npouecca o6- s. 
.D;apKH. OOKTR~eCKH iCJ 

pacnpe,n;e~eHRH, aso6-: ;; 
pall!:eHHHe H!l p~c ~Il . 
CMOIDHHMR ~IDHIRMR, 
npiDle.IJ;eHH K O.IJ;HOMY 
pa.IJ;HaJI:i,HOMY: MaCIDTa6y '.J 

R Ha~oll!:eHH ,npyr Ha. 

,n;pyra. IIoc~e 30 nepesapH.IJ;OK .nM pasMemeHRH I? sapH.IJ;HOCTen HYJKii.O 
CTOJI:bKO JKe MeCTa 

1 
CKOJll>KO B Ha~aJI:&HHii MOMeHT .ir;IlJ pasMemeHRH II., r 

B peaJII>HHX ycJIOBHHX cJie,cyeT ~HTHBaT:b npacoe,naHemie a~eKTp~ .. : 
f ', .· , .. <'..._ ........ 

HOB, Kp8THYID ROHH38URID H SaBRCRMOCTl> ce~eHHH_ nepe3aP.fi,nKH OT ,, 
aHeprHH HOHOB, HX 38P.fl.IJ;HOCTR R COCTaBa 06.IJ;RpO~HO:ti.cpe;Dl:l. ilpH:Ma
TeMaTR~eCROM onacaHHH cneKTpOB y,no6Hee. nepei1TH K HeSaBHCRM·o~:~e
peMeHHon X= ""'\Jt . AHaJioro~ :BpeM~Ha usiia t 0

npa TaKoM iii6ope . ,,· . - ., ~ . : ~~~--- ,.-•. 

nepeMeHHOil HBMeTC.II 1$'- • . , . .·· , _.· . ;'I::J(;:,;••;; 

llpOH3BOJil>HOe ypaBHeHHe CRCTeMH, onpe,n;eMRJ!le~ sapH.IJ;OBHil cneKTp 

ROHOB 1 RMeeT BR.IJ;: 

i'i; ("') . +-~(x) L·~l q,q') =' -~ :6" (q~q) Y'\,('Q:~:,<~.:~-
. cl" : , . o( . , .. . . q . . . ,. ,'_;:,~:·x~c;;; 

r.ne s t q i q'} .. ,;.. ce~eHRe~ riepexo.rf.a:· R3 COCTO.IIHRH ~ 13: cocro~d~~- . ' 
-·c{'.~ 6'l '\';'\) _., ce~eHRe o6paTHoro ·nepexo;na; a CYft!MHpoBa~e\Be..;.::-1 

,n;eTCH no BCeM SaP.fi.IJ;OBHM COCTOJIHHHM0 HCMJDtiSH ql.:: q <ZC06mee:~ I~C'~0' 
'IJRC~O- ypaBHeHd 'THna (24 ) .paBHO ~RCJJY B03MOJKHHX, SaP.fi.IJ;OBHX COCTO-
.!IHB.I ROHOB~··::• , ........... :, >" ,,... ..'' ,, : 

Gi!CTeM8 · (24) DpOWITerpai>oBaHa ~ac.neHHO'Ha $M-'C.JLc.;.6500; B-~CM_.. 

SH C HS~eHHeM cneRTpoB li!OHOB ypaHa.·O.IJ;HOBpeMeHHO onpe,ne~C~ 

i;' 29 



~OCHOBHHe xapaKTepacTRRa npouecca caaxpotpoHHoro ycKopeHaa: cpe~

Hllil Sap.li,IUIOCT:b Izy"'IKa, paBHOBeCHOe HallpJ'IlKeHae R pa~OtiaCTOTa, KR

HeTRtieCKaJI SHepraa ROHOB. Jipe.nno.naraJIOC:E., 'ITO RH.lJYKURH MarHRTHo
ro no~ asMeHReTCH co .speMeHeM ~enao. 

HHqopMaURH 0 CetieHRHX nepeSap.li~H BBO~C:b B BR.I(e Ta6~RU B 
MaCCRB RCXO~ ~HHHX. 

IIpoue.nypa BHtiR~eHRn npe.nyCMaTpRBa.na "o6pesaHae".Kpae.s saPH

.no.sux cneKTpoB noc~e Ka~oro mara tiac~eHHoro RHTerpapo.saHaa ca

creMH (24) B COOTBeTCTBRR C npRHRTHMR paSMepaMa MarHRTHOil: ~opolK
KR. 0CTai!Ill8JICH tiaCT:b CfieRTpa npRHIWaJiaC:b B KatieCTBe Hatia~:E.HHX yc

~OBRH npa RHTerpapoBaHRR Ha C~e.ny~eM mare. TaKRM o6paSOM MOlKHO 

6u~o npoc~e.naT:E. B TetieHae .scero·URK.na ycKopeHaa sa norepJIMa Il.Y'l
Ka, npORCXO,ItaliliWR BC~e~CTBRe 60~EmRX OTR~OHeHaii Sap.li,IUIOCTR OT 
cpe,IUieii. 

B paccMoTpeHHHX npWMepax mapaaa MarHaTHoii ~opolKKa • .no~a 6HT:E. 

.I(OCTaTOtiHOH ,It1I.fi y~epJtraHM pas6poca sapJI,IU!OCTa \ 4 9\ I 'it-> =O,I5 
c TeM, tiT06H B npouecce ycKopeHRJI c nocteneHHoil: o6~pKoii notepa 

He npe.suman 40% (nepesapJI.IUiaJI raso.saJI cpe~ - asot). IlpRMeHeHae 

6o~ee ~erKRX raSOB fiOSBODT HeCKO~:E.KO COKpaTRTb IDHPRHY MarHHTHOil: 

.I(OpolKKR, TaK KaK B STOM CJJYtiae BKJia~ KpaTHOii ROHRSaURH YMeHEma

eTCJI, H o6pasy~HeCJI Sap.li.I(OBHe cneRTpH JiB~DTCJi 6o~ee KOMIIaKTHH
MH. 

BallHYD po~:E. nrpaeT c.soeo6pasHaJI "sap.li.no.saJI qoeycapo.sKa" nytiKa, 

RMe~ero pas6poc Sap.li,IUIOCTH. 3<WJeKT BOSHI!KaeT, KOr~ npH BSaRMO

~eHCTBHH CO cpe.noil: Sap.li,IUIOCT:b HOHOB nocreneHHO fiOBHmaeTCH. Ero 
cy~eCTBOBaHae o6yc~OB~8HO HepaBeHCTBOM 

.AS"I <. o (25) 

A" \J:eo~tc; i: . 
Cpe.D;IIJIJi CKOpOCT:b H3M8H8HM Sap.li,IUIOCTH COCTaB~eT (q) ::. Ci"Y\..V , 

r~e ycpe,IUieHae npoHSBe~eHo no 8HcaM6~1l tiSCTHU Sapli.IUIOCTH 9. (_Q.) 
~OBO~HO C~O 3aBJilCHT OT ~ , rJiaBHHM 06paSOM, tiepeS nocpe.I(CTBO 
.· 6'\ lt..,c..,.,s-1; : €" ('\) • Y HOHOB C paa6poCOM 38p.li,IUIOCTH 

~q\ I qo = 0,1 ce'ieHB.e norep11. riplil o~aKoBofi CKOpoCTIIl OTDtia-:
eTCR Ha Ben'iHHy. no noPJi.mey" paBayn caMOMY cetJeHan: · 

lAS\~ o(q.,) • B peay~Ta'l'e HOHH C 6o~meit Sapli,IUIOCT:Lil 06-
nl*!llTCJi MeHee II.HTeHCHBHo, 'iSM aoHH c MeHme:lt aapJtnHOCT:E.n. TSR 

\' . 
'iTO I!poii.CXOnT ~OBM:LHO CH~Hoe cylleHRe · 38p.li~O.BOro cneKTpa • 

~,·~:. 

;;; 

JipoBe,I(eHHHe .acc~e,IJ.OBaHrut CBH.I(eTeJI:&CTBYDTO TOM, 'ITO B CRHXpO-
TpoHe 3a.,B;a.HHOFO nepm.leTpa Sa C'f8T ~OfiOJIHRTe~:E.HC?H o6~pKR , · 
nytiKa: SHeprM HOHOB nOBHIDa8TCJi B H8CKOJ!bKO pas. 

ITpanolKeHaa K ~ccepTauaa co.n.epzaT reopHD peaoHaHcHofi RHlKeKuaa 

no ~YM CTeneHHM CB060,IJ.U B YCKOpRTeJie TRIIa CHHXpOTpOHa H MeTO~

KY npa6JIHlKeHHoro pactieTa MarHaTOonTatiecKRX xapaKTepacTRR nepao

~tieCKRX cTpYKTYP· . 

OCHOBHI:lE PE3YllhTATll JU!CGEPr.Al.UfOHHOl1 .PAEOT!i 
I. Jipe.I(Jiol!teH npaHuan HeSaBRCIWOH KoppeKUHR JIHHeil:l!Hx peaoHaH

coB BTOpOFO fiOp.li~a B CHHXpOTpOHe c" CHJI:E.HOH qoeycapOBKOil:. CoS~H
HaJI Ha ero OCHOBe CRCTeMa KOppeKUHH CfiOC06CTBOBaJia fiOBHID8HHD HH

TeHCRBHOCTH nytiKa R CTa6aJI:E.HOCTR pa60TH CHHXpOTpOHa li<f>B3. li,n.eJI 

Heaa.sackiMon·RoppeKuaa B nocJie,IUiee .speMH noJJYtiaJia ~~:E.Hefimee pas

BRTRe npa fiOCTpOeHHH CHCTeMH fiO~BJI8HHH He~eil:HHX peSOHSHCOB Ha 

canxpoTpoHe Wlill3. • 
2. BunoJIHeH KOMnJieKc TeopeTatiecKHX accJie~oBaHaii. cocTaBRBmHX 

HHlK8HepHO-TH3HtieceyD OCHOBY npoeRTa peKOHCTpyitnaa CHHXpoTpOHa 

H~BS c ueJI:E.D no.sumeHaa ero IWny~:E.cHoii RHTeHCRBHOCTH .no 
5 • lOIS npo TO HOB :. 

a. JipoBe.I(eH cpaBHHTe~:bHHH aHaJIHS oco6eHHOCTeil: KOJI:bUeBHX HH-.· 

llteKTOpoB pasHHX TanoB a ycTaHOBJieHo, 'ITO . np:aMeHeHHe 6uctpo

UHKJtnqecxoro 6yctepa Manoro nepllJ:!eTpa aBJI.fletca ontm.iaJtbHblM pewe

HlleM np~6JteMH yBeJIHtl8HUII HIIT8HCllBIIOCTU CliHXPOTpOHa lH>BJ. 

6. )JaHO rjJHSRRO-TeXHHtl8CKOe 060CHOBaHR8 IIapaMeTpOB 6ycrepa 

Wl>B3; npR aTOM 'rnlaTeJI:r:.Ho Y'lHTblBaJicH IIMeKlllRtlCJI oiiHT coopyxeHaa . 

B CoBeTcKoM Come KPYfillllX UHKJIH'lBCKTti.X ycKopa';'eJieii. 
B. B pe3yJI:E.TaT8 BcecTOpOHHero HCCJ18,IJ.OBaHRSI rjlR3Rti8CRTti.X.R HH~e-

, !i~P,HH~ OC06.SHHOCTefi CaJI:bHOToKYCRpyKlllTti.X MarHRTHHX Clti.CT8M BH6paHa 

CTPYKTYIJ8 MaFHHTa 6ycrepa li<f>B3, OllTm.IH3RpoBaHH ee OCHOBH!le xa

paKTepll.~THKil. R paspa60TaHa C,Y'l8TOM BOSMOEHOCTefi llpOMHIDJI8HHOrO 

npOH3BO.I(CTBa Cll.CTeMa ,IJ.Of(YCKOB Ha OTKJIOH8HRSI MarHHTHOro llOJIH OT 

pa ctie THoro • . . . ., ~ 
IIpoeKTRpo.saHae 6yctepa saKOH'leHo; B HacTOfl!llee BpeMH RsroTaB

~Tti.BaeTCJI. cneuRaJI:r:.Hoe .rexHoJiorn'lecKoe o6opy.no.saHRe. a Ha nno~~e 

H~B3 aaBepni~DTCH cTpoare~bH!le pa6ow. 
, 3. Paapa6omHa. reopHH UI!KJIIl.tiecKoro ~MeHRSI :a cRHXpoTpoHHoro 



ycKopemm TJIJKeJJHX HoHoB, OTJIH'Ia!OOlHXCJI saPJI,imocTbJO,''a TaKJKe reo

PM ycKopeHM MHoroKOMIIOHeHTHoro r:tf'IKa c IIJiaBHo asMeHJIKii!eflc.ff. 

cpe~eM sapJI~OCTbiO: 
a. 13HIJOJIHeH 3H3JIH3 IU1KJ!Htt8CKOro )lBHJKeHrui liY'lKa UOIIOD, Oc.lJia,I4aill!l8rO 

pasc.lpOCOJJ 3apll,l{IIOC:rn, li ~OK333HO, 'ITO O~OBp8M8HHaJI ycTOH"llffiOCT:O 

cleTaTpOHlillX KOJieclaHnff B CMbHO!lJoKyCRpyRII!eH MarHRTIIOH CliCTeMe . 

aMeeT MeCTO Ilpll YCJIOBaR KOMneHC3l(all XpOM3 Tlltt:HOCTR CTPYK'J.'Ypll. · ~ 

ITo~eHirue pesyJI:&TaTH JierKo pacnpocTpaHJIIOTCJI Ha nytt:Ka MOHosa

PJI~X tt:aCTirlU, xapaKTepRSYRII!ReCJI cloJI:r:.maM pasclpocoM no RMIJYJIDCaM •. 

6. ITpe.n;roJKeH .IIPllHUllii nocTpOe!Jrui can:&HoilJoeycapyiCillax. MarmtTHUX 

cHcTeM cnel(llaJibHoro Bana, oclecnett:~aiCil!llX ycrofitt:aaocT:o l(IrlKJIHtt:e

cKoro ,llBirlJKeHHH IIYtt:Ka ROHOB C 'pasclpocoM 33pJI~OCTa ll ~OIIYCKaiCillllX 
MHoroKpaTHyiO nepesa~·IrlOHOB cles Boscly~eHM clemTpoHHUX KOJie-

6aHRi1. ,ll;eTaJibHllM 3HaJIHS xapartTepaCTRK -CTpYKTYPll C TpaiiJieTHOH !lJo-
- < ' •' --\ • • i • 

KYCllpoBKOH a, B tt:aCTHOCTR, ~OIIYCKOB Ha OTKJIOHeHM MarHRTHOro IIO-

ifl CBirl~eTeJI:OCTByeT 0 peaJiasyeMOCTR TaKHX CllCTeM H3 COBpeM8HHOM 

ypOBHe pasBaTirlJI MarHRTHOH TeXHOJIOrRirl. . 

. B. ITpHHl(llii aBTOqB3HpOBKirl B.l1.BeKcJiepa oclocl!lleH .Ha c.nytt:ai1 ycKo

peHirlJI MHOrOKOMIIOHeHTHOrO rzyt!Ka (o6Jia.rr.aiCillero pasdpOCOM sapH,IiHOCtll) • 

IToKasaHo, tt:To TaKoi1 nytt:oK MollteT ycKOPJiT:OCSI o~oif .BHCOKOtt:acTOTHoli 

CirlC~MOH, npatt:eM npo~OJI:bH:blH SMRTT3HC He3Hatt:RTeJib~O OTJiatt:38TCSI OT 

SMRT'IaHCa MOHOS8PJi~OrO nytt:Ka. 

r. BcecropoHHe HCCJie~oBaHa ~aMRKa rrpouecca ycKopeHirlJI nytt:Ka· 

C R3MeHJirizteuciJ: cpe~eil S3PJi~OCT:OIO: asytt:eH:bl BOIIpOCll B036yJ!cieHirlJI 

a 33TYX3HirlJI 'clemTpOHH:blX' a CaHXpOTpOHHUX KOJieclaHIUt, CilJopMyJiapoBa.;_ 

llll TpecloBaHM K tt:aCTOTe a aMIIJillTY~e YCKOPJiiCill8rO H3J;IpJIJK8HM, pac

CMOTpeH:bl oco6eHHOCTirl TpaHcilJopMaUllR 3a~oBI:ix cneKTpOB, oclpasyD

IllHXCJI BCJie~cTBae MHOrOKpaTHOil nep833PJi.lllUl BO BpeMJI YCK0p8HM • 

. . 4. ITpe.n;roJKeH:bl n oclocHoBam.i npaHl(lliiRaJI:&Ho HoBue. cxew ycKope

HM R HaKOIIJieHirlJI TJIJK8JIUX ROHOB, o6ecnett:RB31Cll!R8 pa~JI:&HOe YB8-

Jllltt:8Hae. RMnyJibCHOH RHT8HCHBHOCTR nytt:KOB ll IIOBHm8HRe•S~8KTRB~. 
HOCTR B33RM0~8HCTBHJI ROHOB C 3JI8KTpatt:eCKRM ll MarHRTH:blM IIOJIHMH 

, CRHXPOTpOHa. 

a.·l1s rJiaBHUX IIOJIOlK8HnR TeOpllll CaHXpOTpOHHOrO YCKOpElHirlJI.ROHOB 

C pa36pOCOM sa~OCTR Henocpe~CTB8HHO BllTeKaeT BOSMOlKHOCT:O R 

l(8JI8C006pasHOCT:b YCKOp8Hli!I rpynnu . sa~OCTeH, odpa3ynDte£1Cll 

n:v,a 06~pKe RHllt8KTRpyeMoro nytt:Ka, a He O~OH Sap!I~OBOli KOMtlOH8H- '5L 

Til. 3TO IlpHBO~T K CY!Il8CTB8HHOMy HapallllffiaHRD aMfiYJil>CHOH RHTeH-: 

CHBHOCTR CaHXpOTpOHa' (npa· YCKOp8HRR HOHOB ypaHa -' B 5-6 p8s). 
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6 •. CXeMa H3KOM8HHJI ROHOB npa RHlK8Kl(lla, OCHOB3HH3JI Ha.ruc ne-
. ' 

pesapR.IUte, . IIOSBOJIIIeT IIO,IlHJIT:b RMfiYJibCHy!O ~T8HCHBHOCT:b IJY"l:Ka B 

CHHXpOTpOHe B HeCKOJibKO ,IJ;8CSITKOB paS. MHOrOKpaTHO BOapacmeT qa

SOBaJI IIJIOTHocTI> nytt:Ka, tt:TO JIBJIII8TCJI acKJIJOqaTeJibHO BalKHllM o6ctoH

TeJibCTBOM B ycJIOBllJIX, Kor.rr.a qasoBaH IJJI~THOCTI> nytt:KOB noHHUX . ' 

RCTO'IHRKOB - HH3KSJI. 
B. ITocTeneHHa.FI oclMPKa riyqKa B npouecceycKopeHM B caHXpo

TpoHe· sa.rr,aHHOrO nepaMeTpa IlpaBO.u;RT K IIOB!llll8Hlil0 KOH8tt:HOi1 .aHepraa 

IrlOHOB B HecKoJI:&Ko pas. ITpa ~ocmTott:Ho 6oJI:omax aHeprR.FIX IIY'IOK Mo

JKeT 6UTb npeo6paSOBaH B IIOJIHOCT:b!O llOHR3RpOB8HHUH. 

YcKopeHae aoHHUX nyqKOB, o6Jia.rr.annax. pas6pocoM saPJIJUiOCTa, JIB

JI.FieTCJI HOBUM nepcneKTHBHl>lM HanpaBJI8HaeM B 06JiaCTa YCKOp,TeJI:bHOM 

T8XHaKR. ilpoeKT ycKopaTeJibHOro KOMIIJieKCa T.FillteJIUX ROHOB~ paspacla-· 

WBaeMUii Ollilli, MA3 aM.l1.B.Kyptt:aToBa, Hl1l13<I>A RM.)l;.B.EppeMoBa a 

MPTH, npe~cMaTpaBaeT HaKoiiJieHne TJIJKeJIUX aoHOB Ha ocHoBe nepesa

PR~R a nocJie~ICillee caHXpoTpoHHoe ycKopeHne cneKTpa sap.FI~Octei1. 
B )LapMlllta,n;te ( 1>Pr) Hattata paspaclotKa uaKonnrenr,~o-ycKopRtenbHOro · 
KOJJbUa STRIPSY , · D KOTOpOM npe.n;ycMatpRBaetCli nepesapll,l{l!all :llHlKeK-

1\llli ROHOD lil3 yCKOP!1T8Jlli UNILAC ll CHHXPOTpOHl!Oe. yCKOpeHne MHOrO-

KOMTI0H8HTHOrO nyqKa ROHOD C IJOCteneHHUM IIODUlll8Hl:l8M'Cpe.n;Hen 3apn.u;-

l!OCTR. 

HaJKe npaao.u;aTC.FI'CIJaCOK OCHOBHHX pa60T 8BTOpa,no .taMe ~ccey
T3l(Ra, ony6JIRKOB3Hlll>lX B Blil~e ~OKJia~OB Ha BC8COD3HUX COBemaHRJIX 

a MelK.n;yHapo.n;Hux Kou~peHI.(llJIX, ctarefi·B nepao~tt:ecKax as.rr.ammx lil 

npenplilHTOB. 
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